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:ABSTRACT 
The turtle grass (Thalassia testudinum) community has a 
significant influence on sedimentation in Florida Bay,
 but the 
roles other processes may play in the buildup of mud b
ank and 
spit sediments are poorly understood. Sediments from 
cores taken 
from Ramshorn Spit and Ramshorn Shoal were classified 
into six 
distinct facies types on the basis of physical stratig
raphy, 
gross geometry, sedimentology, molluscan fauna, and m
icrofauna. 
Listed in order of increasing volumetric importance, t
hese facies 
and their associated mechanisms of deposition are: 1) the 
windward grainstone facies, produced by the winnowing 
action of 
wind-driven currents; 2) the storm-deposited packstone facies, 
emplaced by rare violent storm action; 3) the windward edge 
seagrass facies, a wackes tone-textured sediment produc
ed by 
colonization and subsequent textural modification, by 
the 
seagrass community, of originally coarse-textured sedi
ments; 4) 
the basal "lake" facies, a winnowed lag deposit overly
ing the 
Miami Limestone; 5) the fine seagrass-dominated facies, which 
results from the interaction between the seagrass com
munity and 
the weak current transport of fine materials; 6) the leeward mud 
facies, produced by quiet water deposition of weak-cu
rrent 
transported fine (less than 62 microns) sediments, in the absence 
of a stabilizing seagrass cover. 
1 
The stratigraphy of Ramshorn Spit
 is dominated by sediments 
of the leeward .mud facies, and 
indicate a prograding mode of 
growth. In contrast, Ramshorn 
Shoal's sediments are primarily
 
composed of the fine seagrass-do
minated facies. 
A model is proposed in which fo
rmation of Ramshorn Shoal 
predates initiation of growth o
f Ramshorn Spit. Converging gy
res 
of water current motion produce
d a null point of near-zero wa
ter 
velocity where deposition of fi
ne materials occurred, initiati
ng 
spit development. Subsequent s
outhwest migration of the shoa
l 
and continuing deposition of fi
nes at the spit terminus produ
ced 
the observed stratigraphy. Bed
rock topography underlying the 
study area may have been influe
ntial in determining the actual
 
site of spit formation. 
2 
INTRODUCTION 
Within Florida Bay, a larg
e amount of fine-grained
 carbonate 
muds have accumulated an
d continue to accumulate
 as a network of 
mud banks. Within the B
ay, mud banks are define
d as the narrow, 
sinuous 2 m thick accum
ulations of carbonate sed
iments which 
subdivide the bay into a
pproximately 17 (Scholl, 1966
) basins or 
11 lakes11 • Mud "spits" are
 recognized as the penin
sular 
projections which extend from t
he sides of the mud bank
s into the 
lakes. 
In spite of many compre
hensive studies, (Ginsburg, 19
56; 
Ginsburg and Lowenstam, 
1958; Gorsline, 1963; En
os and Perkins, 
1977, 1979, and others), the 
problem of the origin an
d mechanisms 
of growth of Florida Ba
y's mud banks remains lar
gely unsolved. 
The marine grass Thalas
sia testudinum has long 
been held 
responsible for the trap
ping, binding, and stabi
lization of fine 
sediments necessary to t
he formation of mud bank
s (Ginsburg and 
Lowenstam, 1958). However, o
n certain mud accumulati
ons, such as 
those at the tip of Ram
shorn Spit and the unnam
ed spit on Upper 
Cross Bank, seagrass gro
wth is patchy and sparse
 (Figure 1). 
This growth appears to 
be occurring subsequent 
to sediment 
deposition (Parks, et al., 19
81). While the Thalassia com
munity 
has a documented influen
ce on sedimentation, the
 roles processes 
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Figure 1. Locations of concentratio
ns of non-grass-stabilized 
mud within the studJ area. 
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such as storms, wind-driven currents, etc., may play in the 
build~up of mud bank sediments are poorly understood. 
There may be as many as twenty-six separate mud spits 
located throughout Florida Bay (Enos and Perkins, 1979). Very 
little data is available on these spits. In general, it has been 
noted that spits located on the windward side of a bank have a 
pointed, cuspate appearance. Spits the leeward side of a mud 
bank tend to be more rounded and lobate-looking. The mud spits 
may be equivalent to "dead-end banks" (Enos and Perkins, 1979), 
i.e. an arrested stage of mud bank development, or, conversely, 
may be representative of an earlier stage of mud bank formation. 
It is also possible that deposition of mud spits may have very 
little relation to mud bank formation. 
A detailed study of sediments from a mud bank/mud spit 
system was undertaken to provide a basis for determining the 
dominant mechanisms of bank/spit deposition in Florida Bay, and 
for determining whether these processes are episodic or 
continuous in duration. 
5 
STATEMENT OF OBJECTIVES 
The main objectives of this study are: 
1) To determine the types of sediment contained in Ramshorn 
Spit and the adjoining portion of Ramshorn Shoal, and to 
document the distinguishing characteristics and relative 
volumetric contribution of each sediment type. 
2) To relate each sediment type to a specific depositional 
environment or regime. 
3) To construct a comprehensive stratigraphy of Ramshorn .Spit 
and the adjacent (to the east) portion of Ramshorn Shoal; as 
determined from a series of sediment cores, that is detailed. 
enough to permit interpretation of specific mud bank 
sedimentation events. 
4) To use the sediment types in conjunction with the 
stratigraphy to deduce the depositional history, and narrow 
down the number of possible models for the mode of origin of 
Ramshorn Spit. 
5) To compare and contrast the depositional regime of Ramshorn 
Spit with that of Ramshorn Shoal. 
6 
STUDY AREA LOCATION 
The study area is located in eastern Florida Bay, 
approximately 5 km west of Tavernier Creek, which separates Key 
Largo from Plantation Key (Figures 2 and J). This area is within 
Mccallum and Stockman's (1964) Interior Subenvironment of Florida 
Bay. 
BACKGROUND 
REGIONAL SETTING 
Peninsular Florida is located on the eastern side of a much 
larger submarine plateau called the Floridian Plateau (Agassiz, 
1888). The outline of this plateau can be approximated by the 
100 fathom contour (Figure 4). On the east and southeast, the 
Floridian Plateau is separated from the Bahama Banks and from 
Cuba by the Straits of Florida. The Florida Current flows 
northward through this trough. 
The southeastern part of the Floridian Plateau has long been 
an area of non-elastic deposition which has been undergoing 
differential subsidence (Ginsburg, 1956). The subsurface 
stratigraphy shows a southward thickening of the Mesozoic and 
Cenozoic section from the central part of the peninsula to near 
Key West (Figure 5). 
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Figure 5. North-south geologic cross-section of peninsular Florida. From Ginsburg (1956). 
The upper part of the shallow-water extension of the Florida 
Peninsula, which includes Florida Bay, is formed by two 
limestones. The Key Largo Limestone, a late Pleistocene coral 
reef, forms the arc of islands known as the Upper Florida Keys, 
and extends from Soldier Key to Big Pine Key (Figure 6). The 
exposed part of the Key Largo Limestone is of Sangamon 
interglacial age (Parker and Cooke, 1944). 
The Pleistocene Miami Limestone Formation, which consists of 
an oolitic calcarenite facies and a bryozoan facies, lies on the 
landward side, and to the northwest, north and west of the narrow 
Key Largo Limestone. The Miami Limestone has been described as 
an essentially flat-lying surface sloping gently to the 
southwest. An extensive microkarst is developed on the surface 
of the Miami Limestone (Merriam, et al., 1984). The bedrock 
underlying Florida Bay is considered to be the bryozoan facies 
(Merriam, et al., 1984; Enos and Perkins, 1977). 
GEOGRAPHIC SETTING 
Florida Bay is a large, roughly triangular-shaped shallow 
water embayment covering an area of approximately 1550 square km. 
It is bordered on the north by the Florida mainland; (Figure 2) a 
supratidal carbonate flat from Cape Sable to Flamingo, and a 
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series of low beach ridges and mangrove-fringed embayments to the 
east of Flamingo (Enos and Perkins, 1979). 
The southeast boundary of the bay is formed by the curved 
archipelago known as the Florida Keys. The Keys form a nearly 
continuous barrier that is interrupted by only a few tidal 
passes. To the southwest, the border of Florida Bay is defined 
by a series of shallow mud banks that extend southeastward from 
Cape Sable to the Matecumbe Keys. 
The barrier formed by the ancient Key Largo reef separates 
Florida Bay from the present-day band-shaped reef tract. Open 
circulation and higher energy conditions are dominant along the 
reef tract, The Bay and reef tract represent two distinct major 
environments. The differences in bathymetry, areal geography and 
hydrography between the Bay and reef tract (Table 1) were 
summarized by Ginsburg (1956). 
Where there are channels between the Keys, the nearshore 
reef-tract environment extends into Florida Bay as a transitional 
zone, Where the Pleistocene limestone barrier is complete, the 
change in conditions from one environment to the other is more 
dramatic, although there will be a minor transition zone parallel 
to the islands due to a small amount of tidal exchange through 
the porous limestone (Ginsburg, 1956). 
14 
TABLE 1. 
Major Environments of South Florida , from Gins burg. ( 1956) • 
Florida Bay Reef Tract Bathymetri 
Depth range 0 - 10 feet 0 - 300 feet (0 - 3 m) (O - 90 m) Maximum local 
relief 6 feet 30 feet (2 m) (9 m) 
Areal 5eo!EaEhl 
_Shape Solid triangular Arcuate band Hidrogra;eh;:L: 
Circulation Restricted, Open, semi-diurnal periodic tides exchange with Florida only on margins Current Variations in 
temperature and 
salinity: 
15° ;.; 4o° C 
Temperature 
15° - 33° C Salinity 10 - 40°/oo 32 - 38 °/oo Available plankton 
and nutrients Low Normal.for tropical waters 
. Turbidity Generally high Periodically high only in lagoonal part 
15 
HISTORY OF FLORIDA BAY 
Prior to the Holocene marine inundation of Florida Bay, 
about 5,000 y. b. p. (Davies, 1980) , the Miami Limestone bedrock 
surface, presently beneath Florida Bay, may have greatly 
resembled the present-day Everglades. The area would have been a 
southward-sloping region covered with vegetation, dotted with 
freshwater lakes and streaked with rills and sloughs 
(Hoffmeister, 1974). Hoffmeister (1974) suggests that the 
topography and sedimentary cover of the present Bay resulted from 
the slow incroachment of marine water over a freshwater surface. 
According to Hoffmeister, as the area was flooded by rising 
sea level, the seawater presumably reached the 
riorth-south-oriented rill valleys first, ~nd gradually extended 
the marine environment northward. Mangroves proceeded to 
colonize the area, followed by marine grasses and calcareous 
·algae, Sediments trapped by these plants accumulated, and peat 
deposits formed from the disintegration of mangrove forests. The 
areas of the rills eventually built up into banks. Another set 
of banks formed along the shoreline, perpendicular to the rill 
banks, creating the irregular lattice pattern of mud banks. As 
the banks grew in thickness, approaching sea level once more, 
mangroves re-colonized the higher parts of the banks, producing 
the supratidal mangrove islands of the present-day Bay. 
16 
These events produced the transgressive-regressive sequence 
of deposits documented by Enos and Perkins (1979). Davies (1980) 
identified a transgressive sequence of basal peats in an upward 
succession of freshwater, brackish, and saline mangrove peats. 
PHYSICAL CHARACTERISTICS OF FLORIDA BAY 
The Lakes 
The broad shallow basins located in the areas between mud 
banks in Florida Bay are locally known as "lakes". These lakes 
occupy approximately 90 percent of the total area of Florida Bay 
(Stockman, et al., 1967), and have a maximum water depth of 3 
meters. 
In eastern Florida Bay, the lakes are polygonal in outline. 
The lake bottom is usually floored by either a shelly lag 
deposit, with an average thickness of 15 cm (Stockman, et al., 
1967), or by a bare rock floor. Because of the lack of an 
adequate substrate, grass and algal cover is sparse or 
non-existant. The depth and fetch of the basin are considered 
sufficient for wave action to winnow the fines out of the basins 
(Enos and Perkins, 1979). Most workers in Florida Bay agree that 
this winnowed material probably accumulates on the leeward side 
of mud banks, where wave action is reduced (Ball, et al., 1967; 
Enos and Perkins, 1979). Wind-driven currents and violent storms 
17 
may also flush some of this fine material entirely out of the 
"bay. 
In western Florida Bay, the basins are more irregular in 
-outline, and are generally smaller in maximum dimensions than the 
basins of the eastern Bay. This reflects the increased width of 
the enclosed mud banks. These basins are typically floored by as 
much as one meter of muddy sediment, and can the ref ore support a 
dense vegetation and a large infauna! population (Enos and 
Perkins, 1979). 
Mucibanks 
The shallow mud banks of Florida Bay are approximately 2 m 
thick and contain most of the Bay's sediment (Figure 7). The 
bank tops are generally flat and are awash at low tide, 
Typically, most of the bank surfaces are covered with a thick 
growth of the turtle grass Thalassia testudinum. 
The banks of the eastern portion of the bay tend to be 
narrower and more linear than those of the western bay. 
Characteristic features of the eastern bay's banks are a 
distinctive, steep, windward side, covered with a shelly lag, and 
a gently sloping leeward side, where the sediment is muddier and 
the grass grows in patches. The intervening areas between the 
grass patches are composed of bare muddy sediment,. and may have 
18 
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Figure 7. Thickness of Holocene sediments in Florida Bay. From Enos and Perkins (1979). 
either negative or positive relief relative co the adjacent grass 
patches. Enos and Perkins (1979) have suggested that the 
negative relief areas represent erosional "blow-outs" (Wanless, 
1981) and that the positive relief areas represent traction 
deposits or "dunes" of pelleted mud. These mud dunes have been 
noted to occur on Ramshorn Spit and the unnamed spit on Upper 
Cross Bank (Enos and PeTkins, 1979). 
Generalized sections of a Florida Bay mud bank (Figure 8) 
depict a relatively simple stratigraphy consisting primarily of 
mollusk wackestone, with mollusk fragment packstone making up the 
windward fringe, and perhaps a very fine skeletal wackestone 
(Figure 9), or a pelletal mudstone originally from the bare mud 
patches (Enos and Perkins, 1979). 
Appendix 1 lists the known physical, mineralogical, and 
chemical characteristics of Florida Bay sediments. 
CLIMATE AND HYDROGRAPHY 
Due to the combination of the Florida Keys and the large mud 
banks of the western bay, circulation in Florida Bay is so 
restricted that fluctuations in the amount of fresh-water runoff 
from the mainland are enough to produce seasonal and annual 
fluctuations in salinity. 
20 
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Following the rainy season (June to November), there is a 
period of maximum freshwater runoff into Florida Bay, The rate 
and amount of this dilution are dependent on the excess of 
rainfall over evaporation and on the level of the Bay. When the 
rainy season ends, the level of the Bay begins a decline, and the 
rate of runoff from the mainland accelerates. Maximum dilution 
of the Bay waters occurs at this point (Mccallum and Stockman, 
1964). 
Mccallum and Stockman (1964) defined 3 basic hydrographic 
zones or sub environments within Florida Bay. These zones prevail 
despite extreme annual fluctuations in salinity, although the 
position of the boundaries between the subenvironments may 
undergo seasonal fluctuations. The 3 zones are: 1) a northern 
runoff zone along the mainland where freshwater dilution is most 
frequent and intense; 2) a zone of tidal exchange along the south 
and southwestern margin of the bay, where salinity is closest to 
normal; and 3) an interior zone characterized by the greatest 
salinity fluctuations,,ranging from more than 50°/oo to brackish 
(Figure 10). 
0 0 Salinities in Florida Bay range between 6 /oo to 70 /oo, 
depending on seasonal variations in rainfall, net evaporation, 
and freshwater runoff. Northeastern Florida Bay experiences the 
greatest fluctuations, due to its isolation from normal oceanic 
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Figure 10. Interpretive hydrographic zones of 
Florida Bay. From Mc Callum and 
Stockman ( 1964). 
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water. Salinities are less extreme in the southwestern bay. 
Throughout most of the Bay, salinities usually range between 0 35 /oo and 0 40 /oo (Enos and Perkins, 1979). 
Tidal exchange between Florida Bay arid the reef tract is 
limited to the southeastern margin of the Bay. The tidal range 
on the Atlantic side of the Florida Keys is about 60 cm, but it 
is abruptly damped by the narrow tidal passes and the mud banks 
to less than 15 cm in the eastern half of the Bay (Ginsburg, 
1956). 
Prolonged winds may move larger volumes of water than the 
tides. Strong sustained winds can cause fluctuations in the bay 
level by piling water up against .the Keys or the mud banks. 
Northeasterly winter storm winds tend to push water out through 
the tidal passes, slightly reducing the bay level (Enos and 
Perkins, 1979). Prevailing wind direction and wind velocities 
have a significant effect on the water level in Florida Bay. 
Currents in the basins or open "lakes" of Florida Bay are 
generally less than 1 cm/sec, according to Gorsline (1963), but 
may 'reach as much as 125 cm/sec in the tidal passes (Vaughn, 
1935). 
Water temperatures in Florida Bay range between 19 and 38 
degrees centigrade. The upper extreme occurs in very shallow 
water (less than 30 cm deep). In the deeper water surrounding 
25 
the mud banks, temperatures range from 20 to 30 degrees C 
(Ginsburg, 1956). 
High turbidity generally prevails in Florida Bay water. 
Steady winds of at least 6.7 m/s are able to turn the water so 
turbid that the bottom is obscured from sight in 2 m depths. 
This condition is most common during the months of November 
through April, when wind velocities are strongest (Ginsburg, 
1956). Locally, turbidity shows some variation with bottom 
conditions; in areas of thick grass cover or shelly bottoms, 
turbidity is low. 
PREVIOUS INVESTIGATIONS 
Several hypotheses have been advanced to explain the origin 
of mud banks in Florida Bay. Ginsburg and Lowenstam (1958) were 
the first to attribute the origin and growth of mud banks to the 
ability of marine grasses, Thalassia testudinum in particular, to 
continuously modify sedimentation. Figure 8 depicts Ginsburg and 
Lowenstam's general model of a Florida Bay mud bank. In this 
view, the relatively homogeneous mud bank sediments are mainly 
the result of the sediment binding and trapping abilities of 
Thalassia. This model provides no explanation for those areas in 
Florida Bay in which sediment is accumulating without a 
stabilizing seagrass cover. 
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Swinchatt (1965) and Lynts (1966) suggest that marine 
grasses may also exert an indirect control on processes of 
skeletal breakdown and textural evolution of the sediment. 
Scoffin (1970), Howard, et al. (1970), and Basan (1973) report 
turtle grass-influenced carbonate sedimentation in Bimini Lagoon, 
Bahamas, Coupon Bight, Florida, and in the Barracuda Keys, 
Florida, respectively. Basan (1973) considers marine grass 
colonization of a silty substrate to be the most critical event 
for the initiation of mud bank development, while Ebanks and Bubb 
(1975) consider marine grasses to be only a secondary agent of 
deposition in a carbonate tidal bank of the Matecumbe Keys, 
Florida. 
Gorsline (1963b) discusses a water current origin for 
Florida Bay mud banks. According to this hypothesis, slow 
currents operating in a gyral pattern within the various lakes 
tend to keep sediments in suspension on the periphery of each 
lake, where marine plants and filter-feeding benthonic 
invertebrates on the banks promote sediment deposition. 
Price (1967) prefers to emphasize the formation of the lake 
areas by subaqueous erosion of smaller ponds formed during 
flooding of a freshwater grassy marsh "bay" environment by the 
fleistocene rise in sea level. The mud banks are therefore 
viewed as erosional remnants of this process. This hypothesis 
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has been discounted by Enos and ~erkins (1979) who found that the banks are composed solely of marine sediments. 
Nucleation of mud banks has been attributed to pre-existing relief on the Pleistocene bedrock depositional surface. Dodd and Siemers (1971) concluded that buried karst topography found at Bahia Honda and Big Pine Keys, Florida, strongly controls Holocene sediment thickness, and therefore favorably influences the growth of turtle grass. Basan (1973), in one of the few 
studies concerned with the accumulation of Florida Bay sediments into banks, discusses a model for mud bank development that involves preferential accumulation of fine sediment into 
sinkholes, followed by contemporaneous colonization by marine grasses and calcareous algae, and entrapment and accumulation of sediment by these marine plants to form a single contiguous bank. However, repeated coring and probing of eastern Florida Bay mud banks by various workers (Enos and Perkins, 1979), has failed to reveal any significant bedrock control on the existing bank locations. 
The effects of hurricanes as agents of erosion or deposition of mud banks have been documented by Pray (1966, Hurricane Betsy), Ball, et al. (1967, Hurricane Donna), and Perkins and Enos (1968, Hurricanes Betsy and Donna). All of these workers 
agree that both Hurricanes Betsy and Donna caused only negligible 
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or minor erosional or depositional effects on most subtidal and 
intertidal areas of Florida Bay. Supra tidal areas (i.e. mangrove 
islands) only were affected. 
In spite of the findings of Pray, Ball, et al. and Perkins 
and Enos, Wanless (1978, 1979) proposes an additional factor in 
the process of mud bank accumulation: storm-generated deposition. 
Wanless attributes the development of mud bank lithology to an 
interaction of hurricane and repetitive winter storm 
sedimentation. Banks may migrate in a southward direction, 
producing a sequence of layered sediment wedges. Wanless 
suggests that rare superstorms may produce rapid subtidal 
sedimentation, while the lower energy depositional regimes of the 
lesser hurricanes and winter storms take place slowly enough to 
allow continuous interaction with a seagrass community. Enos 
(1980) also states that mud bank accretion may be more episodic 
than continuous. 
Parks, et al. (1981) noted a possible additional factor in 
the mode of deposition of carbonate muds in Florida Bay, as 
exemplified by observations and analyses of the sediments of 
Rams horn Spit: the lime mud concentrated at the tip of the spit 
is composed of organically bound agglomerates (aggregates of 4.5 
phi size, composed of 6 phi to 11 phi sized particles). These 
muds seem to be accumulating without benefit of an initial 
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stabilizing se~grass covet. Parks, et al. suggest that seagrass 
colonization follows after deposition of these sediments. 
EFFECTS OF SEAGRASS COLONIZATION 
The seagrass (Thalassia testudinum) carpet can modify 
sedimentation in the following ways: 
1) The dense root and rhizome system stabilizes 
sand-size sediment, protecting it from erosion. 
2) The grass carpet impedes flow (the "baffle 
effect''), creating a layer of semi-motionless water just 
above the bottom, where fine current-transported sediment 
can settle out. Once this fine sediment has filtered down 
to the root mat, it cannot easily be resuspended (Ginsburg 
and Lowenstam, 1958). 
3) The broad leaves of Thalassia grass are frequently 
covered with a slimy, sticky coating of ephiphytes. Fine 
waterborne particles are entrapped when they adhere to the 
grass blades. When the leaves die, or if the coatings are 
degraded, the fine particles are deposited on the substrate. 
4) Sedimentary material is produced and retained in 
situ within the grass beds. The living Thalassia acts as a 
substrate for many carbonate-secreting organisms (Humm, 
1964). Stockman, et al. (1967), Patriquin (1972), and Land 
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(1970) all cite the significant sediment contribution of 
mud-sized magnesium-rich calcite particles upon the death 
and disintegration of Thalassia due to the growth of the 
·epiphytic algae Melobesia. The spirobid worm is another 
common epibiont of Thalassia (Enos, 1977). Melobesid algae 
seem to dominate in higher energy environments, while the 
spirobid worms are the more common epibiont in lower energy 
conditions (Land, 1970). Production of calcareous mud from 
Melobesia sp. would tend to be low in Florida Bay, where low 
energy conditions are prevalent (Patriquin, 1972). 
5) The seagrass environment also provides a habitat 
for benthonic organisms such as Foraminifera, Ostracodes, 
bryozoans, etc., as well as a grazing substrate for numerous 
invertebrates; including mollusks, echinoderms, and 
crustaceans. When these organisms die, their tests are 
added to the bottom sediments. The grass baffle provides 
protection for these skeletal remains from mechanical 
erosion (Ginsburg and Lowenstam, 1958). 
The seagrass community apparently produces a diagnostic 
assemblage. Epifaunal animal components attached to the seagrass 
will therefore have a close correlation with the seagrass bed. 
Infaunal components may belong to the benthic community of the 
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nearby unvegetated bottom, and so are non-diagnostic of the 
seagrass community (Kikuchi and Peres, 1977). 
In addition to skeletal material, considerable amounts of the plant components may be incorporated into the underlying 
sediments. When old, dying blades are broken from the rhizome, or when deteriorating tips are broken from the living portion of the blade, they tend to sink and be trapped between healthy blades (Thomas, et al., 1961). This produces an organically 
enriched sediment, as compared to seagrass-free areas (Burrell and Schubel, 1977). Just how well this organic material is preserved is not known. Although no specific data seems to be available on anaerobic rates of decay of seagrasses, the plant tissue itself is known to be poor in essential nutrients and degradable only at a low rate (Fenchel, 1977). 
General effects of seagrass colonization include the buildup of the level of the substrate over that of the surrounding grass-free areas. Areas ranging in size from small patches a few square meters in area to banks with areas of hundreds or even thousands of square meters are affected (Molinier and Picard, 1952; Ginsburg and Lowenstam, 1958; Bernatowicz, 1952). 
Seagrass beds tend to produce regions of fine-grained 
sediments. The more dense the Thalassia cover, the greater the 
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proportion of fine (less than 62 µm) sediments retained and 
deposited (Figure 11; Scoffin, 1970; Davies, 1970). 
Seagrasses not only affect the mean size of the accumulating 
sedimentary particles, but also their sorting, skewness, 
roundness and shape (Swinchatt, 1965; Taylor and Lewis, 1970; 
Lewis and Taylor, 1966). 
With increasing plant density, the relative abundance.of 
fines, the mean size of the sand fraction and the standard 
deviation all increase (Swinchatt, 1965). Swinchatt showed that 
the changes in the texture of sediments in a reef tract off 
Florida correlate well with the distribution of seagrass. 
There are indications that sand-sized biogenic material in 
seagrass beds is more angular, and that sediments in seagrass 
zones are much more poorly sorted than sediments in adjacent 
grass-free areas (Taylor and Lewis, 1970; Lewis and Taylor, 
1970). 
CONDITIONS FOR THALASSIA COLONIZATION 
Thalassia testudinum occurs on a variety of sediments, such 
as soft sand and mud, coral sand, and even rocky areas (Hanlon 
and Voss, 1975, Burrell and Schubel, 1977). 
Phillips (1960) and Wanless (1969) recognized the need of a 
moderately thick sediment for the development of a Thalassia bed. 
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Figure 11. Weight percentage of sediment finer than 
62 microns in samples from Bimini Lagoon, Bahamas. 
After Scoffin (1970). 
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Zie~an (1972) noted the relationship between water depth, a
verage 
blade density, and thickness of sediment. As se
diment thickness 
increases, both blade density and blade length i
ncrease as well. 
Zieman's findings show that at least 20 to 25 cm 
of sediment is 
required for the development of a bed of Thalass
ia with a blade 
density greater than 1000 blades per square mete
r. A sediment 
thickness of at least 50 cm is needed for maximum
 development of 
the rhizomes and roots. 
The roots of Thalassia are quite capable of deep
 penetration 
of a substrate. Zieman (1972) consistently observed live r
oots 
growing into bedrock through sediment over two m
eters thick. 
The depth range of Thalassia extends from just below tide 
mark to about 12 m (Hanlon and Voss, 1975). The optimum sa
linity 
0 0 
0 0 
range is from 25 /oo to 38 /oo, but extremes of 1
1 /oo and 48 /oo 
can be tolerated at least temporarily (Hanlon and Voss, 197
5). 
The optimum temperature for growth is 29°C, whil
e the lethal 
temperature limit for sustained time periods is 
33 to 34°C (McRoy 
and McMillan, 1977). Leaf growth is greatest in early summ
er and 
least in winter, with leaf kills occurring at bo
th extremes and 
late winter (Hanlon and Voss, 1975). 
Where Thalassia cannot grow as a consequence of
 hydrographic 
conditions, or where some disturbance has remove
d the Thalassia 
vegetation, another marine grass, genus Halodule
, is often to be 
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found. Halodule forms dense growths only in the absence or 
sparsity of other grasses (Hanlon and Voss, 1975; den Hartog, 
1977). Halodule seems to tolerate a wider range of temperatures 
and salinities than Thalassia (Hanlon and Voss, 1975; McRoy and 
McMillan, 1977). 
METHODS 
FIELD METHODS 
Surface Sample Collection 
During June of 1983, a total of 71 surface sediment samples 
were collected by hand from the upper 10 cm of bottom sediment, 
in six separate traverses, with spacings of either 45 m or 30 m 
·between samples. Sampling sites were located using bearings 
taken on nearby landmarks (such as the mangrove islands Bottle 
Key, Stake Key and Crane Key) with a Brunton compass. Figures 12 
and 13 show the locations of sampling sites and traverses within 
the study area. 
At each sampling station, water depth and sediment thickness 
(the depth to bedrock) were measured with a 3 m sediment probe. 
Observations of bottom vegetation (type, relative density), 
sedimentary structures or other characteristics, biota present, 
etc., were recorded for each sampling site. 
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Figure 12. Surface sample location map for Ramshorn Spit and Ramshorn Shoal. 
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Figure 13. Locations of surface samples taken on 
spit adjoining Upper Cross Bank. 
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Sediment Core Collection 
Sediment cores were taken in January of 1984 using an apparatus similar to the piston core device developed by Ginsburg 
and Lloyd (1956), but with modifications designed by J.M. Parks. These modifications include an adjustable length mast, with an attached winch and rope for removing cores from the mud. Figure 14 shows the basic design of the soft sediment coring apparatus. The core tubes used consist of 2.5 m lengths of 6.5 cm diameter plastic PVC pipe. 
Collection of a soft sediment core is accomplished in the following manner: 
1) The core tube is prepared by drilling two 2.5 cm diameter holes at one end, and inserting a piece of 2.5 cm diameter metal pipe through the holes. The rubber piston is positioned at the other end of the core tube, with the attached chain running up through the tube; 2) The loose chain end is attached to the top of the mast (to hold the piston stationary at the sediment-water interface). The mast is attached to the platform, and the entire core tube-piston/chain~mast unit is raised to a vertical position; 
3) The core tube is forced by pushing down on the handle down into the sediment below, through the notch in the 
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Figure 14. Soft-sediment coring apparatus; a. platform; b. winch and rope; c • pulley; d. metal pipe handle; e. PVC pipe; f. rubber piston and attached chain. 
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platform, until the tube is felt to hit the hard bedrock surface 
(the piston remains in position while the tube is moved down); 
4) Using either the winch and rope, or just the metal pipe 
handle, the core tube (now filled with sediment) is pulled 
back up out of the sediment (the sediment is held in the 
core tube by the suction produced by the piston). 
Twenty-six sediment cores were taken at distances between 15 
and 30 m apart, in four groupings, cons is ting of 6 to 8 cores 
each, along the longitudinal traverse of Ramshorn Spit. Three 
cores were collected at a location on Ramshorn Shoal, at 
distances of about 45 m apart (Figure 15). 
The sampling design of taking several groups of closely 
spaced cores, rather than coring at equidistant intervals along 
the entire length of the traverse, is based on the difficulties 
encountered by previous workers (H. R. Wanless, 1983, personal 
comm., and D. F. Merriam, 1984, personal comm.) in correlating 
sediment cores from Florida Bay mud banks. Duplicate cores from 
each coring location may provide the stratigraphic control needed 
to distinguish between-core (local) variations from actual 
stratigraphic variations. Since Ramshorn Spit is a site visited 
frequently by large numbers of students and geologists, it is 
possible for the sediments to have been disturbed in places. It 
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Figure 15. Sediment core location map. Core groups are indicated by roman numerals I through V. 
is hoped that this sampling design will also insure against any 
bias that this "bioturbation" might have caused. 
As each core was taken, depth to bedrock was noted (to allow 
later estimations of loss of cored sediment length due to 
compaction), and the core labeled and sealed at either end. Once 
the cores had been transported back to the laboratory at Lehigh 
University, each core was split lengthwise, logged and described, 
sampled, covered with clear plastic wrap, and refrigerated. 
LABORATORY METHODS 
Sampling Procedure 
A total of 24 surface samples (out of the original 71) were 
chosen for analysis. After homogenizing each sample, two volumes 
of between 3 and 5 cubic cm of sediment were removed from that 
sample. The remainder of the sample was reserved for the 
molluscan assemblage analysis. 
From each of the five groups of cores, one representative 
core from each group was chosen for detailed sampling (cores Rl, 
6A, Rll, RlS, and RH-A). Five to ten cubic cm of sediment was 
removed from each layer. Cores Rl and RlS, in particular, was 
sampled in greater detail to provide a basis for determining the 
internal variability of the various core layers. These two cores 
were sampled from every 5 to 10 cm of depth, and wherever 
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stratigraphic changes were present. The remaining 3 cores w~re 
sampled only wherever changes in the sediment layers were 
apparent (see Figure 17 and Appendix 3 for core sub-sample 
locations). One split of each subsample was reserved for size 
analysis and the other half was reserved for the organic matter 
determination. Additional samples were taken only from specific 
layers in the remaining 24 cores wherever additional evidence was 
needed to support correlations. For instance, samples were taken 
from the thin, shelly packstone layer formed near the top of 
cores Rl through RB, to provide supporting evidence for 
correlation of that layer between cores. 
Sieve and Pipette Size Analysis 
This part of the study undertook to determine the relative 
proportions of the gravel (<2 mm), sand (>2 mm and <62 µm), and 
mud (>62 µm) ) size fractions. The standard techniques of 
Krt1mbein and Pettijohn (1938) were used. 
In order to break up any organically bound agglomerations 
(such as fecal pellets), samples were first allowed to react with 
15 percent hydrogen peroxide, buffered with sodium hydroxide, for 
a period of 12 to 24 hours (or until signs of reaction had 
ceased). Each dispersed sample was wet-sieved through a sieve 
stack consisting of a -1 phi and a 4 phi sieve. All material 
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smaller than 62 µm (4 phi) was washed into a 1000 ml cylinder. 
The two size fractions retained in the -1 phi and 4
 phi sieves 
were oven dried (at 60°C), dessicated and weighed. 
A 20 ml aliquot was pipetted from the cylinder cont
aining 
1000 ml of water and the >4 phi fraction. This aliq
uot was 
oven-dried, dessicated, and weighed. The weight pe
rcent gravel-, 
sand-, and mud-sized material was then calculated fo
r each 
sample. The sand-sized fraction was reserved for th
e second part 
of the size analysis procedure. 
Settling Tube Size Analysis 
An automated settling tube (design by Anderson and Kurtz 
(1979)), was used to obtain detailed size data for the sand-siz
ed 
(2.0 mm to 0.062 nnn) fraction. Samples were allowed to settle 
out through a 1.55 m long water column, onto a light
weight pan 
attached to a strain guage, from which the computer
 recorded the 
weight of each size of interest. The strain guage 
and amplifiers 
were calibrated to allow full scale resolution at a
 dry sample 
weight of approximately 0.3 gms. If a sample did n
ot contain 
enough sand-sized material, it was combined with ad
jacent samples 
from within the same core layer. For those sample
s taken from 
very thin or very muddy layers, 0.3 gms of sand-siz
ed material 
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-was often simply not available, and so no settling tube data 
exists for those samples. 
The size range 2 mm to O. 062 mm was sampled by the computer 
in 0.10 increments for a total of 51 data points. To standardize 
the resulting data and circumvent the problem of differing 
particle densities (due to the variety of particle types in each 
sample, e.g. foraminifera, micritized fecal pellets, molluscan 
debris, etc.), and shapes, the settling velocities were computed 
and the particles sized relative to the density of quartz 
(p=2.65) spheres. Therefore, while the data do not represent the 
"real" size distribution with regard to particle diameters, it is 
a valid record of the settling behavior of the particles, 
relative to the equivalent settling velocities of quartz spheres. 
Data in the form of a weight distribution were obtained for a 
total of 79 samples. 
Organic Matter Determinations 
The method outlined by Gross (1971) was used to determine 
organic content in this study. Each sample was oven-dried at 
70°C, ground to a fine powder with a mortar and pestle, and then 
dessicated. Approximately 1 to 2 grams of the sample were 
weighed out, placed in a tall form beaker with 20 to 30 ml of 15 
percent buffered hydrogen peroxide, and allowed to react for 12 
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hours. This initial "soaking" permitte
d the more vigorous 
initial reaction to take place at room 
temperature (25°C) so that 
any overflow and consequent loss of sam
ple could be avoided. The 
samples were then heated at 60°C, adding
 small amounts of 30 
percent buffered hydrogen peroxide until
 all signs of reaction 
ceased. At this point, the samples were
 allowed to boil to 
remove the excess hydrogen peroxide. A
fter oven-drying at 70°C 
and dessication, samples were weighed, w
ith an accuracy of ±0.01 
mg. The weight percent organic materia
l was calculated from the 
sampled weight loss divided by the origi
nal sample weight times 
100. 
Microfaunal Abundance Counts 
For this phase of the study, 5 surface sa
mples and 30 core 
samples (from cores Rl and Rl5) were used. A sma
ll portion of 
the 2.0 mm to 0.062 mm size fraction (the sand-si
zed residue from 
the sieve and pipette analysis) was examined unde
r the binocular 
microscope. All foraminifera and five ty
pes of non-foraminiferal 
components were counted. The amount of 
material used was that 
which would yield counts of approximatel
y 1500 foraminifera and 
400 non-foraminifera components. 
Foraminifera were identified by family i
n all cases and by 
genus and/or species for those types whi
ch are known 
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environmental indicators in Florida Bay (Rose and Lidz, 1977). 
Identifications were based on photographs and descriptions given 
in Bocks' (1971) Handbook of Florida Foraminifera. 
The non-foraminiferal components counted consisted of 
ostracode tests, spirorbid worm tubes, small pelecypod and 
gastropod tests, and dark Miami limestone fragments. 
After counting, the sample was weighed, and simple 
statistics could then be computed for each sample, similar to 
those of Rose and Lidz (1977): 
1) total number of foraminifera per gram of examined residue, 
and total number of non-foraminiferal components per gram of 
residue; 2) number of foram genera; 3) percent frequency of 
constituent genera; and 4) percent frequency of constituent 
families. 
Confidence intervals for percent frequency data were constructed 
usirig the x2 statistic. 
Molluscan Content 
This portion of the study attempted to assess whether the 
species of mollusks found in the surface and core sediments of 
Ramshorn Spit and Ramshorn Shoal reflect the environment of 
deposition of those sediments. 
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.To separate out the mollusk shells, the sediments were 
wet-sieved through a 2-mm opening screen. Whole shells only were 
identified and counted. Every two pelecypod shell halves were 
counted as one individual. The percent of the total mollusk 
count for each sample represented by individuals with an infaunal 
lifestyle and the percent of the total represented by epifaunal 
individuals (especially those known to dwell on Thalassia grass) 
were calculated. 
In. order to obtain a sufficient number of individuals (at 
least 30), each sampled core layer was supplemented by adding to 
the mollusk count individuals sampled from the equivalent 
stratigraphic unit in the next closest core. Therefore, 
correlated layers between the core pairs Rl and R6, 6A and SA, 
Rll and R12, RlS and R16, and between cores RHA, RHB and RHC were 
combined and their sediments sieved for their mollusk content. 
The percent infauna/percent epifauna data was used as input 
for the stepwise discriminant function analysis program BMDP7M 
(BMDP Statistical Software, 1981), to attempt to distinguish 
statistically different groups on the basis of mollusk content . 
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STATISTICAL ANALYSES 
Sieve and Pipette Data 
A modified acceptance sampling procedure (Snedecor and 
Cochran, 1971, modified for use with sediment cores by Carson and 
McManus, 1971) was used to define statistically discernible 
intervals within each of the 5 "representative" cores. Using the 
weight percent mud data, the samples within each core were 
grouped into distinct stratigraphic units at the 95 percent 
confidence level. Appendix 2 describes the modified acceptance 
sampling procedure in more detail. 
To test whether or not the groups defined by the above 
procedure are significantly different, and if those groups can be 
correlated between cores, the weight percent mud, sand, and 
gravel-sized material data was used as input to a stepwise 
discriminant function analysis program (BMDP7M, BMDP Statistical 
Software, 1981). 
Settling Tube Data 
An R-mode factor analysis program was used to determine 
characteristic modes for each sample. Input for this analysis 
was the frequency weight percent data obtained from the raw data 
which had been smoothed by an 8-point moving average. Sixty 
samples from Ramshorn Spit sediments and 19 samples from Ramshorn 
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Shoal and Upper Cross Bank's Spit sediments were run using 
frequency weight percent in 26 size classes (the -10 to 40 size 
range, in 0.20 increments). 
The normalized factor scores generated by the R-mode factor 
analysis were used as input to the BMDP2M Q-mode cluster analysis 
.program, to produce statistically different sample groupings, 
The groupings produced by Q-mode cluster analysis were then 
tested with the Stepwise Discriminant Function Analysis program 
(BMDP7M). The frequency weight percent data for the 26 size 
classes and the sample groupings from the cluster analysis were 
used as input. 
Each statistical analysis (the discriminant function 
analysis of the sieve and pipette data, the R-mode factor 
analysis, the Q-mode cluster analysis and its associated 
discriminant function analysis) was run twice. The first run of 
each analysis utilized only those samples from Ramshorn Spit 
sediments. The second run made use of data from all the samples, 
including those from Ramshorn Shoal and the unnamed spit on Upper 
Cross Bank. 
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RESULTS 
THALASSIA DISTRIBUTION IN STUDY AREA 
Figure 16 depicts the relative density of Thalassia growth 
on Ramshorn Spit and on the adjacent eastern portion of Ramshorn 
Shoal. A visually estimated, relative grass density scale (after 
that of Scoffin, 1970) was used. The divisions of this scale 
are: dense growth (5 cm or less between rhizomes); medium growth 
(5 to 20 cm between rhizomes); sparse growth (>20 cm between 
rhizomes); and patchy growth (widely spaced patches, with a 
variable distance between rhizomes). 
In those areas where Thalassia growth is sparse or 
non-existant, the marine grass Halodule was growing, Halodule is 
known to be more tolerant of extremes in salinity and temperature 
than Thalassia. Conditions in the very shallow water overlying 
the bank top may be extreme enough to have caused the present 
distribution of grasses. 
BEDROCK TOPOGRAPHY 
The series of probes down to bedrock along the length of 
Ramshorn Spit and the two crosswise traverses of Ramshorn Spit 
revealed no highs or lows in bedrock topography of a broad enough 
extent to significantly affect sediment deposition. Probing 
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Figure 16. DeruJity distribution of Tha]assia testudintun on Ramshorn Spit and 
adjoining ea.stern section of Ramshorn Shoal. 
across Ramshorn Shoal also failed to reveal any significant 
bedrock topography. 
In all of the traverses, however, the probing to bedrock did 
confirm that the Miami Limestone surface beneath Ramshorn Spit 
and Ramshorn Shoal is microkarstic. Small depressions 1 to 2 m 
in diameter and approximately 0.3 m deep seem to be common. 
CORE STRATIGRAPHY 
Figures 17 a through e show the core logs for four groups of 
cores taken along the lengthwise· traverse of Ramshorn Spit and 
the group of three cores from Ramshorn Shoal. Diagrams of 
additional cores can be found in Appendix 3. Each particular 
type of sediment layer was labeled with one of five textural 
classification terms. Mudstone (M), mudstone/wackestone (M/Wk; 
an intermediate texture), Wackestone (Wk, with approximately 10 
percent sand-sized material), packstone (P, shelly, mainly grain 
supported, with some mud matrix), and grainstone (G, very shelly, 
totally grain supported, with relatively little mud matrix). 
These terms originate from Dunham's (1962) classification system, 
and are used here, as in papers by other authors (Enos and 
Perkins, 1979), only to denote unconsolidated sediment texture. 
A total of six distinctly different and recognizable 
sedimentary units were identified from the 5 core groups: 
54 
GROUP I 
SL 
I-.-:'-'--::," w-- -- R-8 R-1 
-- -.. 
0 0 
SEDIMENT ARY STRUCTURES 
'If."' F 1-- 4- : ...... // w • v w .-:. 9-lf Burrow - .., .., 
..........._ 
--=== Lamination ~ / J 11 f --:::::::..: .c:.. Lens / Cf) ¢.8 f 6 a:: PARTICLES l w w // 
11 
I- ~-l w l w w 0e Lithoclosls L ll. -..,c. Shell fragments M M ¢ Carbonaceous flake 
M 2 l SKELETAL PARTICLES 
0 Gastropod 
M 
l.J1 8 PeleCY,pod (large) • 
3 
Pelecypod (small) 1 
-T-l.J1 4 • 
--
, " 
j2 Pecfen r:== / V, 'I "" Halimeda ,-
o-J- -/ 
-1 l_ • ANGIOSPERMS 
(gross, largely Tholossia) 
----
J Root 
-cs:..::: 
--
M -
Rhizome 
.-< Blade 
'li Node 
M LITHOLOGIES 
w 
M Mudsfone 
p 
M/W Muds tone/Wackes tone 
----
w w Wo~kcsfone 
p Pocks tone 
p G Groinstone C8J Compaction loss 
Probed depth to bedroc~ 
• 3omple local ion 
F'igure 17 a. Stratigraphy of core group I. For core locations, see Figure 15. 
GROUP II 
IA SL 2A 3A 4A 5A 6A .-, - -,w.·--
~_;... r -- ... 'I- M 
----
f M 
-=::::::-: 
.., 
M/W 
-
rf. r_. 
MIW 
A 
-
~ 
-'- M/W 
0 0 
. .- M 
A-._-.::: w 
·~1r~ WW ~ ..... -- --: 1 V w ~ M· M ~ w 0--C 0-.C. • (I) .LJ 0::: w I-f-w LJJ l L w LL 111 
-
u, 
:::::: 
°' 
r11~ M 
I 1 M M .$"- :;:,4 --=--- ~--- 0-,::a 0--,:. .,... M 0---::-
'f~ rt, j (, ~c:,...<. 
o--': 
------r1, ;., le 
-1 l e M 
•{ 1-
·, 
........ -.... --:. p 
·-' 
• c,-& .~ 
• le.i l 
• <>--"" 'f 
<>--"~ 
• t ~ 1 
.l M f 
.1-.J. 
Figure 17 b. Stratigraphy of core group II. 
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1) Mudstone (M) units: composed almost entirely of silt to 
clay-sized particles. These layers are smooth-looking, 
light-blue gray in color, and very low in organic debris. 
Remains of grass rhizomes are virtually absent, although vertical 
root casts are common. Where the sediment is undisturbed by 
roots, faint horizontal laminations are evident. The thickness 
of these layers ranges between 5 cm and 130 cm, with an average 
thickness of 50 cm. 
Mudstone layer contacts with mudstone/wackestone or 
wackestone units are usually gradational, while both upper and 
lower contacts with packstone or grainstone units tend to be 
sharp. Whole mollusk shells are usually present in small 
numbers, and generally consist of small infaunal pelecypods. 
2) Transitional mudstone/wackestone (M/Wk) units: These layers 
are sti~~. dominated by the silt- to clay-size component, but 
contain a small amount of sand-size (>0.062 mm) material, usually 
in the form of mollusk shell fragments. 
Much organic material, including root and rhizome remains, 
is commonly present. Occasionally, the sediment appears to be 
laminated with organic material, probably Thalassia leaves. 
Often, these M/Wk layers have a mottled, bioturbated look. Whole 
mollusk shells, especially gastropods, are common. 
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The thickness of these layers ranges between 75 to 5 cm, 
with an average thickness of 30 cm, Contacts with mudstone and 
wackestone layers are usually gradational. 
3) Wackestone (Wk) units: contain 10 percent or more sand-size 
material, in a silt and clay-sized matrix. These layers also 
contain a modest amount of organic material and traces of roots 
and rhizomes. Varying amounts of pelecypod and gastropod shells 
are usually present. Thicknesses vary between 5 and 25 cm, but 
average 13.5 cm. These layers are often found associated with 
and gradational to packstone layers. 
4) Packstone (P) units: very shelly, mostly grain-supported, 
with some mud matrix. These layers are usually thin (average 
thickness 12 cm) and discontinuous in lateral extent. 
Occasionally such a layer may include small (2 to 3 cm thick) 
grainst~~e lenses. Organic matter is usually present, but is 
finely disseminated. Fragments of the calcareous algae Halimeda 
are common. 
5) Grainstone (G) units: extremely coarse, grain-supported, 
usually co~tain many whole shells. These layers tend to be thin, 
with thickness of 8 cm or less, and often have sharp contacts 
with surrounding sediments. .Usually these grains tones are found 
in the form of thin, laterally discontinuous lenses, and are 
relatively rare. 
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6) Basal wackestone-packstone unit (B): This sedimentary unit 
is found at the base of each core. While the sediment texture 
varies from wackestone to packstone, this unit is distinguished 
by the presence of abraded, pitted-looking whole shells and large 
lithoclasts of dark-gray limestone. Thicknesses vary between 5 
and 35 cm. 
Correlation between the cores of each group proved to be 
relatively simple. The presence of persistently recognizable 
layers, such as the thick mudstone and thin basal 
wackestone/packstone units, aided in the positioning of 
correlation lines, 
From core group I through IV there is a noticeable 
southwestward (down-spit) loss of coarse layers and a definite 
increase in thickness of the mudstone layers. Mudstone seems to 
be the qgminant textural type in the sediments of Ramshorn Spit. 
Core group V, from Ramshorn Shoal, demonstrates that an 
important difference exists between the stratigraphic section of 
Ramshorn Shoal and that of Ramshorn Spit. The 
mudstone/wackestone (M/Wk) textural type of sediment, complete 
with much rhizome material, dominates the Ramshorn Shoal 
stratigraphy, while on the spit, it is secondary in volume to the 
muds tone type sediment. 
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The extent of the thin packstone layer, which extends 
through the upper portions of cores Rl through SA, was more 
difficult to interpret, due to the presence of several additiona
l 
discontinuous packstone lenses. To provide supporting evidence 
for the correlation of this packstone layer through core groups 
I 
and II, samples were taken from all packstone layers located in 
cores Rl, R4, R6, RB, lA, 2A, 3A, 4A, and SA, and were included 
the sieve and pipette and the settling tube size analyses. 
Loss of core length due to compaction during the coring 
operation was estimated for each core. This compaction loss 
ranges between 12 and 8 percent of the original sediment depth, 
with an average loss of 10 percent. Since this loss seems to 
have affected each core to about the same extent, it is not 
considered a hindrance to accurate correlation and interpretation
 
of Ramshorn Spit and Shoal sediments • .. 
Thalassia roots were present throughout almost all cores and 
layers. The presence of Thalassia roots in a layer is not judged 
here to be indicative of Thalassia-stabilized sediment 
deposition. Since it is known that Thalassia roots may easily 
penetrate sediment to depths of over 2 m, any roots seen in a 
sediment layer may simply reflect the presence of a Thalassia bed
 
located at some undetermined distance above that sediment layer. 
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ORGANIC CONTENT 
Table 2 reveals that, on the basis of weight percent 
organics alone, the 5 previously defined groups are not 
statistically distinguishable. This is surprising, as 15 out of 
38 samples or 39. 5 percent of the Group 2 (fine transition 
sediments) samples, and 4 out of 7 or 57 .1 percent of the Group 5 
(wackestone sediments) are from core or surface samples noted to 
contain rhizome material, as opposed to 4 out of 45 samples or 
8. 9 percent of Group 1 (muds tone sediments), 8 out of 24 or 33, 3 
percent of Group 3 (wackestone sediments), and 1 out of 4 or 25 
perdent of Group 4 (packstone sediments). 
The constraint of grouping the samples into the 5 textural 
groups was then removed, and the samples were considered solely 
on the basis of whether or not the sediments contained rhizome 
materia~.~ For the 117 samples for which weight percent organics 
data exist, 39 samples were noted to contain rhizomal material, 
while 78 were not. When the average weight percent organics for 
each of these two groups is calculated, the sediments with 
rhizomes average 1.566 ± 0.404 percent, while the sediments 
lacking rhizome material average 1.186 ± 0.157 percent 
(confidence intervals were calculated at the 90 percent level of 
significance). These two sample groupings are again 
statistically indistinguishable. 
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TABLE 2. 
Weight Percent Organics: Average valu
es for each sediment group 
* 
GROUP 1: Mud.stones 1.247 ;t, 0.232 
"/o 
GROUP 2: Fine transition 1.556 .:!: o.4o9 % 
GROUP 3: Wack est ones 1.104 :t, 0.289 
"/o 
GROUP 4: Packs tones 0.630 :t, 0.274 % 
GROUP 5: Grains tones 1.028 3 o.449 
% 
* (confidence intervals based on the 90 percent
 significance level) 
... 
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The rather low (less than 2 percent) and uniform nature of 
these weight percent values may indicate that except in those 
samples where fresh rhizome material was present (as in samples 
RlS-1 through RlS-7, in the uppermost layer of core Rl5), the 
decay process within the sediments may have proceeded quite 
quickly with respect to the timing of burial. At relatively 
shallow sediment depths, perhaps at only a few centimeters of 
depth, the anaerobic decay process may become a significant 
deterrent to extensive preservation of organic material. The 
effects of anaerobic decay may explain the low amounts of organic 
matter detected in sediments that should have been, at least 
originally, more organic-rich. 
Another consideration may be the method of determining 
weight percent organic material utilized in this study. As there 
are oth~;, better, methods, the method used here is probably 
lacking in accuracy, and may have had a significant effect on the 
results. In any case, for the stratigraphic purposes of this 
study, the weight percent organic matter does not seem to be a 
valid criterion for differentiating sediment types. 
SIZE ANALYSIS: SIEVE AND PIPETTE 
Initially, to test the validity of the sediment textural 
types assigned to the sedimentary units of the 29 cores (and 
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therefore confirm the correlations between cores) and to 
establish identification criteria for each textural type, the 
modified acceptance sampling procedure was used. Using the 
weight percent mud data, statistically coherent intervals within 
each of the five sediment cores sampled were tentatively defined, 
The samples seemed to fall into approximately five different 
groups. To test and further refine these results, as well as fit 
the surface samples into the classification, a Modified 
Discriminant Function Analysis program (BMDP7M) was used. The 
data submitted consisted of the weight percent mud-, sand-, and 
gravel-sized material for each sample. (Appendix 5 contains the 
raw weight percent data.) Each sample was assigned a tentative 
grouping variable (1 through 5), based on indications from the 
acceptance sampling and on the stratigraphic unit to which that 
sample h~d been assigned. 
The computer program was run twice; once with Ramshorn Spit 
samples only (120 cases) and once with all samples (143 cases), 
including those from Ramshorn Shoal and the Upper Cross Bank 
spit. BMDP7M identifies cases which have been wrongly classified 
and indicates the correct groupings. It was therefore possible 
to change any incorrect classifications to achieve the best 
possible percentage of correct classifications. 
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Tables 3 and 4 show the final F-matrices and classification 
matrices for the 120-sample and 143-sample runs. It is evident 
from the large values of Snedecor's F-statistic in the F-matrices 
that the 5 groups are statistically quite different. 
Table 5 summarizes the average weight percent mud, sand, and 
gravel-sized material for each of the 5 textural groups defined 
by discriminant function analysis. 
Plots of canonical variable 1 versus canonical variable 2 
(Figures 18, a and b) illustrate the distinctive nature of the 5 
groupings of samples. Group means are noted on the plot, and all 
fall at significant distances from one another. These plots 
indicate that a good separation exists between the 5 groups, but 
that all 5 groups form a continuum of sediment texture. Low 
values of canonical variable 1 correspond to those samples with a 
coarser texture, while samples with a fine texture show the 
highest values. Canonical variable 2 seems to represent the 
presence/absence of a grass cover. Many of the samples from 
textural Groups 2 and 3 were noted to come from sediments 
containing grass rhizome debris, while most samples from Groups 1 
and 5 contained little grass debris. 
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TABLE:,. 
Results: Stepwise Discriminant Function Analysis
, Sieve and 
Pipette Size Data. 
Ramshorn Spit samples only; 120 cases 
a. F - Matrix 
(Degrees of freedom= 3, 113) 
Sediment Group 
Mud.stone Fine 
Transition 
Wackes tone Packs tone 
Fine Transition 80.13 
Wackes tone 266.82 85.96 
Packs tone 306.10 195.97 58.55 
Grains tone 496.74 408.52 222.67 51.56 
Value of F, with 3 and 100 d.f. , 
at 95 percent confidence level= 2.70 
b. Classification Matrix 
N b um er o f C ases Cl ass1 ie in o "f" d . t G roup 
Sediment Percent Mudstone Fine Wackes tone P
acks tone Grains tone 
Group Correct lrransition 
Mudstone 95.2 40 2 0 0 
0 
Fine 97.1 1 33 0 0 
0 
transitiof 
Wackestonr 96.3 0 
0 26 1 0 
Packston~ 60.0 0 0 2 
6 2 
Grains tone 100.0 0 0 0 0
 7 
total 93.3 41 35 28 7 9 
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TABLE 4. 
Results: Stepwise Discriminant Fu,. . ction Analysis, Sieve 
and Pipette Size re.ta. 
All data, 143 cases 
a.. F - Matrix 
(Degrees of freedom= 3, 136) 
Sediment Group 
Mudstone Fine 
Transition 
Wackestone Packs tone 
Fine Transition 
Wackestone 
Packs tone 
.. 
Grains tone 
104.02 
272.00 
256.27 
376.03 
68.62 
129.82 
284.65 
32.77 
155.24 45.27 
Value of F, with 3 and 125 d.f., at 
the 95 percent confidence level= 2.68 
b. Classification Matrix 
Number of Cases Classified intQ Group 
Sediment Percent. MudstonA Fine Wackes tone Packs tone 
Group Correct Transition ; 
Mudstone 95.i ·46 2 0 0 
Fine 93-~ 1 42 0 0 Transition 
Wackes tone 100 0 0 30 0 
Packs tone 83.: 0 0 2 10 
Grains tone 87.~ 0 0 0 1 
total 94.4 47 44 34 11 
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Grains tone 
0 
0 
0 
0 
7 
7 
TABLE 5. Results: Weight Percent Data for Textural Groups defined by ·_Discriminant Function Analys::.s Group Average Weight Percent Average Weight Percent. Mud-sized Material , Sand-sized Material (<0.062 mm) (0.062 to 2.0 mm) MUDSTONE 97.17 + 0.25"" 2.63 + 0.23 ( 47 samples) ~ o.3fft . 
.. + 0.28 Range: Range: 99.19 to 95.51 4.49 to o.84 FINE. 91. 77 .:!:. 0.63 7.20 + 0.55 TRANSrrION 
.:!:. 0.75 I o.66 (47 samples) Range: Range: 95.44 to 86.54 12.70 to 3.74 WACKESTONE 78.42 .:!:. 1.67 17..85 ..:!:. 1.89 (23 sar;nples) 
.:!:. 2.01 
..:!:. 2.29 Range: Range: 84.76 to 70.16 25.93 to 10.75 PACKSTONE 65.06 .:!:. 2.85. 22.62 ..:!:. 2.t-56 (11 samples) 
.:!:. 3.50 
· .:!:. 3.51 Range: 
' 
Range: 74.39 to 58.01 28.35 to 11.35 GRAINSTONE 4?.82 .:!:. 6.73 34.02 ..:!:. 9. 1+7 (8 samples) + 8.40 + 11.82 Range: Range: 54.99 to 24.18 59.57 to 17.95 
* :confidence interval for the 90 percent level 
# :confidence interval for the 95 percent level 
Average Weight Percent Gravel-sized Material ().2.0 mm) 
0.19 .:!:. 0.13 
+ 0.15 
Range: 
"3.4o to O.O 
1.98 .:!:. 0.20 
.:!:. 0.32 
Range: 
4.80 to 0.0 
3.73 .:!:. 0.92 
+ 1.11 
Eange: 
10.08 to O.O 
11.88 + 2.7'7 
+ 3.41 
- . Range: 
19.82 to 6.50 
18.16 .:!;, -6.38 
.:!;, 7.97 
· Range: 
30.07 to 5.11 
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Figure 18 a. Canonical variable plot from discriminant function analysis 
of weight percent mud, sand, and gravel data; for Ramshorn Spit 
samples only. 
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SIZE ANALYSIS: SETTLING TUBE DETERMINATION OF >62µm 
FRACTION 
Frequency weight percent distributions and basic statistics 
such as mean phi, skewness, and kurtosis, were generated by the 
computer for the sand-sized (2 mm to 0.062 mm) fraction of each 
of the 79 samples analyzed. 
Examples of characteristic frequency weight percent 
distributions for samples from each of the six previously defined 
sediment layer types (facies) are presented in Figure 19, a 
through f. The sand-sized fractions from grainstone-type layers 
show unimodal distributions, with skewness values near zero, and 
a mode at 1.8 phi (0.29 unn). Samples from packstone-textured 
layers show a distinctive bimodal distribution, with modes at 
approximately 1.4 (0.38 nun) and 3.2 phi (0.11 mm). Samples from 
the basal wackestone/packstone layer are unimodal, with the mode 
~· 
at 1.4 phi (0.38 mm). The distributions of wackestone-type 
samples are also unimodal, with an average mode at 1.9 phi (0.3 
mm), and show a strong resemblance to distributions of samples 
from the basal layer. Samples from both the intermediate 
mudstone/wackestone and mudstone-type sediment layers are 
unimodal and strongly skewed towards the finer end of the phi 
scale, with primary modes at 3.3 (0.1 nun) and 3.5 phi (0.09 mm), 
respectively. 
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urves for samples from the 
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4 
The differences in the frequency weight perce
nt 
distributions of the sand-sized fraction of s
amples from the six 
different types of sediment layers are reflec
ted in the graphs of 
mean phi versus skewness and mean phi versus 
kurtosis, presented 
in Figures 20 and 21. In both graphs, the sam
ples fall into a 
continuum, with samples from the basal wackes
tone/packstone and 
packstone sediment layers showing the highest
 skewness and the 
lowest mean phi values and kurtosis values. 
Samples from the 
mudstone layers show the highest kurtosis and
 mean phi values and 
the lowest skewness values. Arranged in orde
r between the 
packstone and basal wackestone/packstone samp
le, with 
intermediate values of mean phi, skewness, an
d kurtosis are the 
grainstone, wackestone and mudstone/wackeston
e samples. 
R-Mode Factor Analysis 
An R-mode factor analysis program (BMDP2M) was used to 
generate factor scores for input to a cluste
r analysis program, 
with frequency weight percents in 26 size cla
sses (-10 to 40 in 
0.20 increments) as variables. First, the 60 Ramshorn 
Spit 
samples were treated separately, then all 79 
samples were put 
through factor analysis together. The factor
 loadings and factor 
scores computed for each variable are listed 
in Appendices 6, a., 
b • , and 7 , a. , b • 
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4 
Three factors were defined which accounted for approximately 
93 percent of the total variance. Factor 1 accounted for 
approximately 62 percent of the variability, in both the 60 and 
79 sample runs, and emphasized the 0.40 (0.76 mm) or 0.60 (0.66 
mm) to 1.20 (0.44 mm) size class (positive coefficient) and the 
2.60 (0.16 mm) or 2.80 (0.14 mm) to 3.0 (0.125 mm) size class 
(negative coefficient). Factor 2 represented approximately 22 
percent of the total variance, and emphasized the 1.60 (0.33 mm) 
or 1.80 (0.29 mm) to 2.40 (0.19 mm) size class (positive 
coefficient) and the 3.60 (0.08 mm) to 4.00 (0.062 mm) size class 
(negative coefficient). Factor 3 accounted for 8 to 9 percent of 
the variation, representing the -1.00 (2 mm) to -0.6 (1.52 mm) or 
-0.40 (1.32 mm) size class (positive coefficient). These results 
for the 60- sample and 79-sample analyses are summarized in 
Tables 6 and 7. 
The size class represented by factor 3, is, for almost all 
samples, the least significant portion of the frequency weight 
percent curve. The -1.~ to -0.40 size class represents the 
coarse "tail", where, for most of the samples, very little 
material is actually present. This size class, at least 
partially, may be an artifact produced by the settling tube 
program's curve smoothing treatment. Therefore, only factors 1 
and 2 are considered relevant to this study. 
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TABLE 6. 
Results: R~Mode Factor Analysis, Ramshorn Spit data only (60 cases) 
Factor 
1 
2 
3 
.Percentage of total 
variability accounted for 
22.84 
total. 93.48 
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Rotated Factor Loadings 
(size classes with loadings~0.80) 
Positive Negative 
coefficient coefficient 
o.6 to 1.2 ¢ 2.6 to 3.0 ¢ 
1.6 to 2.4 ¢ 3.6 to 4.o ¢ 
-1.0 to -o.4 ¢ --------
Results: 
Factor 
1 
2 
3 
TABLE 7. 
R-Mode Factor Analysis, all 
(size 
Perc.entage of total 
variability·accounted for 
62.68 
22.18 
9.12 
total 93.98 
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data (79 cases) 
Rotated Factor Loadings 
classes with loadings~0.80) 
Positive Negative 
coefficient coefficient 
o.4 to 1.2 ¢ 2.8 to 3.0 ¢ 
1.8 to 2.4 ¢ 3.6 to 4.o ¢ 
-1.0 to o.6 ¢ 
Negative factor loadings (coefficients) for factors 1 and 2 
seem to correlate with an abundance of sediment in the 2.8 (0.14 
-
nun) to 3.00 (0.125 mm) and 3.6 (0.08 mm) to 4,00 (0,062 mm) size 
classes, respectively. 
For factor 1, a positive coefficient associated with the 0.4 
(0.76 mm) to 1.20 (0.44 mm) size class seems to reflect an 
abundance of sediment. A positive loading on factor 2 for the 
1.8 (0.29 mm) to 2.40 (0.19 mm) size class reflects a relative 
paucity in the amount of sediment present in that size class. 
This decrease seems particularly noticeable in samples with a 
bimodal distribution. 
Q-MODE CLUSTER ANALYSIS AND DISCRIMINANT FUNCTION ANALYSIS 
The factor scores generated by R-mode factor analysis were 
treated by Q-mode cluster analysis to group the samples according 
to their statistical similarities, based on the settling tube 
data. ,The cluster analysis of 60 samples (from Ramshorn Spit 
sediments alone) grouped the samples into 9 different 
populations. Cluster analysis of all 79 samples grouped the 
samples into 7 different populations, consolidating several of 
the previous 9 populations in the process. Except for the 
consolidation of several adjacent, small groups, the remaining 
sample groupings from the 79-sample analysis remain closely 
87 
analogous to those of the 60-sample analysis. Figures 22 and 23 
depict the factor score plots (factor l vs. factor 2) with the 
sample groupings from cluster analysis superimposed over the 
plots. The original dendrograms produced by cluster analysis are 
presented in Figures 24 and 25. 
Samples from the mudstone (M) units, the mudstone/wackestone 
(M/Wk) and wackestone (Wk) units, the packstone (P) units, the 
grainstone (G) units, and the ·basal wackestone to packstone (B) 
unit tend to form separate clusters. In Figures 22 and 23, 
samples which contained rhizome material are identified, and seem 
to fall in the higher range of factor 2 scores. Factor 1 is 
related to the coarseness of the sample. High factor 1 scores 
seem to correspond to the coarser-textured sediments. 
The significapce of the seven group's -10 (2 mm) to 40 
(0.062 mm) fraction size dependence was tested by Discriminant 
function analysis (program BMDP7M). Based on the original 26 
variables from the settling tube size data, the 7 groupings from 
the cluster analysis were compared. Table 8 gives the results of 
the discriminant function analysis. A total of 84.8 percent of 
the 79 cases were found to be classified correctly, and all 7 
groups are significantly different at the 95 percent level of 
confidence. Figure 26 presents the plot of the canonical 
variables for each sample and for the group means. 
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TABLE 8. 
Results: Stepwise Discriminant Function Analysis test of Q-Mode Cluster Analysis Groupings (79 samples) 
a. F-Matrix 
(Degrees of Freedom= 4, 69). 
GROUP I II III IV V VI II 16.82 
III 95.75 47.04 
IV 74.47 23.29 21.25 
V 10.95 13.43 74.83 38.55 
* VI 12.91 14.84 41.83 18.79 3.50 · 
VII 27.37 55.59 102.53 80.53 31.87 20.96 
· Value of F, with: 
4," 60 d.f., at the 95 percent confidence level= 2.52 
4,69d.f., at the 99 percent confidence level= 3.61 c* significant at the 95 percent level only.) 
b. Classification Matrix 
GROUP Percent Number of Cases Classified into Group Correct I II III IV V VI VII I 92.9 13 0 0 0 1 0 0 
rr 81.8 0 9 0 0 2 0 0 
III 88_.9 0 0 8 1 0 0 0 
IV 81.5 0 4 1 22 0 0 0 
V 75.0 1 1 0 0 9 1 0 
VI 100.0 0 0 0 0 0 3 0 
VII 100.0 0 0 0 0 0 0 3 
total: 84.8 14 14 . 9 23 12 4 3 
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MICROFAUNA 
The species of foraminifera identified in the sand-sized 
fraction (0.062 to 2 mm) of 35 different samples are listed in 
Table 9. The percentages (abundar.ces) of six foraminiferal 
families (including three genera of Miliolidae) and five 
non-foraminiferal components can be found in Appendix 8 a., b., 
and c., and are also presented in histogram form in Figures 27 a. 
through i., and 28 a. through e. Histograms of the number of 
foraminifera per gram and the weight percent mud-sized material 
for each sample are also included for reference (Figures 29 and 
30). 
FORAMINIFERA 
For family Discorbidae, there are no significant differences 
between 30 core and 5 surface samples. Ataxophragimids are most 
abundant in samples from the basal wackestone-packstone (Wk/P) 
layer. 
As a group, Miliolids are present in significantly lower 
amounts in samples from the basal Wk/P unit (Figure 27 h.). 
Genus Miliolinella (Figure 27 e.) is generally most abundant in 
mudstone/wackestone-textured samples, and least common in basal 
Wk/P unit samples and muds tone samples. The percentage of the 
Miliolidae represented by genus Quinqueloculina (Figure 27 c.) 
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TABLE 9. 
LIST OF SPECIES OF FORAMINIFERA IDENTIFIED 
Family 
Family ATAXePHRAGMIIDAE 
Clavulina tricarinata (d'Ormigny) 
Valvulina oviedoiana (d'Orbigny) 
Family DISCORBIDAE 
Discorbis mira 
Rosalina floridana 
Family ELPHIDIDAE 
Elphidium discoidale 
Family MILIOLIDAE 
Miliolinella circularis (Bornemann) 
Quingueloculina agglutinans Q. bosciana Q. lamarckiana 
Q. tenagos 
Triloculina linneiana 
T. oblonga 
T, guadrilateralis 
T. rotunda 
T. trign.ula 
Family ROTALIID.AE 
Ammonia beccarii ornata (Cushman) 
Family _SORITID.AE 
Archaias angulatus 
Peneroplis proteus (d'Orbigny) 
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Figure 30. Weight percent mud/sediment textural type designations for the 35 samples 
included in the microfaunal count analyses. 
shows no significant changes throughout the 35 samples. Genus 
Triloculina also shows no significant variations (Figure 27 d.). 
Rotalid foraminifera show a clear preference for samples 
from the basal Wk/P unit and samples with a grainstone-type 
texture (such as Rl-27, -30, Rl5-27, -30, and RHS-1, -33). The 
lowest incidence of rotalids occurs in samples from the 
mudstone-type sediments (Figure 27 g.). 
Foraminifera of the family Soritidae represent a relatively 
small portion of the total foraminiferal assemblage, but are most 
abundant in samples from the grainstone and basal Wk/P units 
(Figure 27 f.) . 
Family Elphididae shows its greatest abundances in samples 
from the mudstone/wackestone unit and the basal Wk/P unit (Figure 
27 i.). 
NON-FORAMINIFERAL COMPONENTS 
Ostracodes (Figure 28 c.) appear to be present in lowest 
amounts in samples from the basal Wk/P unit. 
Pelecypod and gastropod tests show generally uniform 
distributions (Figure 28 a. and 28 b.), with the exception of 
samples Rl-27 and RHS-33, which show significantly higher amounts 
of Pelecypods; and samples Rl-22, Rl5-13, -17 and RHS-31 (all 
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from mudstone units) which show a slight decrease in gastropods. 
Samples RHS-1 and RHS-33 show a slight increase in gastropods. 
The relative abundance of small fragments of Miami Limestone 
shows the expected strong correlation with the basal Wk/P deposit 
(Figure 28 d.). Samples from wackestone-textured units also show 
relatively large amounts of these fragments. 
Spirobid worm tubes (Figure 28 e.) may be the one component 
that is most directly asso~iated with Thalassia testudinum. 
These small worms are commonly found as coiled calcitic tubes 
encrusting the surface of Thalassia leaves. In general, samples 
from mudstone/wackestone and wackestone-type units contain the 
highest amounts of these tubes. In the majority of the remaining 
samples, worm tubes are either present in very small quantities 
or are virtually absent. 
MOLLUSCAN CONTENT 
The counts and percentages of infaunal and epifaunal 
mollusks for each sample are tabulated in Appendix 9. Table 10 
lists the infaunal and epifaunal species identified and counted. 
Percentages of infaunal and epifaunal mollusks for a total of 36 
samples were tested by discriminant function analysis (program 
BMDP7M). Each sample was initially assigned to one of three 
groups: Group I, in which epifauna dominated the assemblage; 
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TABLE 10. 
List of Mollusk Species 
PELECYPODA. 
Americardia sp. (I) 
Anodontia alba (I) 
Anomalocardia cuniemeris (I) 
Arcopsis spp. (E) 
Brachiodontes exustus rE)* 
Chione cancellata (I) 
Codakia orbiculata (I) 
Cumingia tellinoides (I) 
Laevicardium laevigatum (I) 
Laevicardium mortoni (I) 
Lima spp. (I · 
~na spp. (:I) 
Nucula proxima (I) 
Pecten spp. 
Phacoides nassula (Il 
Pinctada radiata (E) 
Semele roficua (I) 
Tellina mera I) 
Tellina ~lis (I) 
Transenella ~adina (I) 
Transenella stimpsoni (I) 
GASTROPODA 
Acmaea spp. (E) 
Anachis spp. (E)* 
Astrea americana (E) 
Batillaria minima (E) 
Bulla spp. (E) 
~hium muscarum (E) 
Ceri thium spp. ·(E) 
Cerodrillia spp. (E)* 
Columbella spp. (E) 
Conus spp. (E) 
'cr'eiiTdula fornicata (E) 
Eupleura sulcd.der.tata (E) 
Haminoea spp:--TI;J--
Marginella spp. (E) 
Mitra spp. (E) 
Mocfiiius modulus (E) * 
Muricopsis ostrearum (E) 
Nassarius vibex CE) · 
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TABLE 10. (continued) 
Nitic.ella spp. (E) 
01ivella SPP. (:) 
Prun'J.:n spp:- (E) 
Pyramidella spp. (E) 
Retusa caniculata (E) 
Rissoina bryerea (E) 
Tegula fasciata (E) 
Tricolia spp. (E) 
Turbo castanea (E) 
T'ur'Eo'nilla spp. (E) 
Vermicularia spp. (E) 
(I): 
(E): 
Infaunal 
Epifaunal 
* member of Thalassia community 
Information on mollusk environments and life habits from Abbot ( 1954), Barnes ( 1980), Clarkson ( 1979), 0 'Gower and Wacasey ( 1967), Moore and Lopez ( 1969), Tabb and Manning ( 1961), and Hyman (1967). 
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Group 11, in which numbers of infauna and epifauna were 
approximately equal; and Group III, where infauna out numbered 
epifauna significantly. 
A summary of the results of the discriminant function 
analysis is given in Table 11, a. and b. Groups I, II, and III 
are significantly different from one another, as demonstrated by 
the large values of Snedecor' s F-statistic in the final F-matrix. 
The percent correctly classified samples is 97. 3. The only 
incorrectly classified sample, Rl, R6-L, seems to be intermediate 
in value between Groups II and III, and was left uncorrected 
rather than cause alteration of classifications of nearby 
samples. 
Table llc gives the mean values and confidence· intervals of 
the percent infauna and epifauna for each group. 
Figure 31 depicts a histogram of the value of the canonical 
variable, based on the percent infauna, calculated for each 
sample, as plotted by the discriminant function program. Each 
point on the histogram is labeled with the sedimentary unit each 
sample is from. The group means are also plotted, and are a 
significant distance apart. Group I samples, which are dominated 
by epifauna, consist mainly of grainstone and those sediment 
types which are most heavily influenced by sea grass 
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TABLE 11. 
Results: Stepwise Discriminant Function Ans.lysil3 of Molluscan. 
Count Data 
a. F-Matrix. 
(Degrees of Freedom= 1, 34) 
GROUP I 
GROUP II 
GROUP I 
48.42 
163.72 
GROUP II 
41.78 
Tabulated value of F-statistic with 1 and 34 d.f. 
at the 95 percent confidence level= 4.13 
b. Classification Matrix 
GROUP Percent GROUP I Correct 
GROUP I 
GROUP II 
GROUP III 
TOTAL: 
c. Group Means: 
Percent Infauna 
Percent Epifauna 
100.0 8 
100.0 0 
93.3 0 
~7.2 8 
GROUP I* 
27.98 .:!:. 7.9# 
.:!:. 9.9 
73.02 .:!:. 7.9 
.:!:. 9.9 
* : 90 percent confidence level 
#: 95 percent confidence level 
GROUP II GROUP III 
0 
13 
1 
14 
GROUP II 
54.32 .:!:. 2.5 
.:!:. 3.1 
45.68 .:!:. 2.5 
.:!:. 3.1 
0 
0 
14 
14 
GROUP III 
75.43 .:!:. 4.2 
.:!:. 5.1 
24.63 ±. 4.2 
.:!:. 5.1 
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Figure 31. Histogram of canonical variable from discriminant function analysis of 36 
samples, based on percentages of infaunal and epifaunal mollusks from 
count data. 
colonization: mudstone/wackestone to wackestone-textured 
sediments. Group II samples represent more of a mixture of 
sediment types, while Group III samples are made up primarily of 
basal wackestone-packstone and mudstone-type sediments. 
Mudstone-type sediments generally lack any evidence of sea grass 
growth, and therefore provide a habitat more suited to burrowing 
organisms than to those organisms with a grazing feeding habit. 
DISCUSSION 
SURFACE SEDIMENTATION: RAMSHORN SPIT AND RAMSHORN SHOAL 
Plots of weight percent mud, sand, and gravel-sized material 
versus distance (Figure 32) for the lengthwise traverse of 
Ramshorn Spit and traverses I and II across Ramshorn Shoal reveal 
an asymmetric distribution of sediment texture. In general, the 
surface sediment is coarsest on the windward side of the bank, 
and rapidly becomes much finer towards the leeward side. At the 
southwest tip of Ramshorn Spit, the sediment consists of over 99 
percent by weight mud-sized (<0.062 mm) material. Where the bank 
sediments grade back into lake sediments, the sediment texture 
soon becomes coarse again. In this location, an increase in 
fines seems to, paradoxically, coincide with decreasing density 
of seagrass cover. It may be that the high turbidity of the 
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Figure 32. Weight percent mud, sand, and gravel of surface samples from traverses 
across Ramshorn Shoal and Ramshorn Spit. 
muddier areas discourages dense seagrass growth where it 
otherwise might be quite dense. 
STRATIGRAPHIC FACIES INTERPRETATIONS 
The stratigraphic cross-sections of Ramshorn Spit and 
Ramshorn Shoal are presented in Figures 33 and 34. To allow a 
clear representation of the rather complex stratigraphy of 
Ramshorn Spit (and given the fact that the spit is over 1500 m 
long and only a little over 2 mm thick), it was necessary to use 
a vertical exaggeration of 200. A vertical exaggeration of only 
25 was needed to clearly depict the Ramshorn Shoal cross-section. 
This difference in vertical exaggerations accounts for the 
appearance of greater slopes in the Ramshorn Spit section than in 
the Ramshorn Shoal section. In fact, the sediment layers of both 
sections are just slightly inclined (approximately 0.04 degrees 
for Ramshorn Spit, and 0.5 degrees for Ramshorn Shoal), and if 
viewed with no vertical exaggeration at all, would appear 
virtually horizontal. 
Based on physical stratigraphy, gross geometry, 
sedimentology, molluscan fauna, and microfauna, the mudbank 
sediments of Ramshorn Spit and Ramshorn Shoal can be subdivided 
into six distinct facies. The various characteristics of these 
facies are summarized in Table 12. Listed in order of increasing 
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TABLE 12. CHARACTERISTICS OF SEDIMENTARY FACIES OF R/'u-LSHORN SPIT AND RAMSHORN SHOAL 
Facies 
Windward 
Grains tone 
Storm-
Deposited 
Packs tone 
Windward 
Seagrass 
Wackes tone 
Basal Lake 
Deposit 
Fine Sea-
grass-held 
Leeward 
Mud 
Environment geometry 
of deposition 
Max. 
thickness 
Particles Grain Size Ranges 
(weight percent) 
grave 1 d d san mu 
windward(NE) small, ~ cm .whole, abraded 30-5 59-18 54-24 
side of bank irregular shells, large 
lenses shell fragments, 
lari;i:e forams 
windward(NEJ small lense, 12 cm whole shells, 20-6.5 28-11 74-5~ 
side of bank or ribbons shell fragments, 
Halimeda plates 
Windward(NE) elongate 30 cm mollusk frag- 10-0 26-11 85-70 
side of bank prisms ments, forams, 
grass debris, 
pellets 
open basin sheet 15 cm shells, 20-5 3~-3 85-63 
or "lake" lithoclasts 
bottom 
bank surface Elongate 75 cm whole gastropod 5-0 13-4 95-86 
Thalassia prisms shells, .pellets, 
community shell fragments, 
grass debris, esp. 
rhizomes 
leeward (SW) elongate 130 cm pellets or 3.4-0 4.5-1 99-96 
side of bank prisms, agglomerates 
wedges 
Structu~·es 
--------
--------
burrows, roots, 
rhizomes, rnottli 
----------
burrows, rhizome. s, 
roots, mott1 :i llf~ 
millimeter 
laminations, roo t'' 
I-' 
I-' 
Cl) 
TABLE 12. ( CONTINUED) 
Sediment Mol1W3k 
textural Assemblage 
type 
Skeletal Epifauna-
fragment dominated 
grains tone 
Mollusk Epifauna-
fragment dominated 
packs tone 
Mollusk Epifauna = 
wackes tone 'Infauna 
Coarse Infauna-
mollusk dominated, 
fragment with some 
wackes tone gastropods 
and 
nackstone 
L1termed. Variable, 
muds tone- usu. 
wackes tone Epifauna = 
Infauna 
Pellet Infauna-
mudstone dominated, 
gastropods 
rare 
Sand-Size 
Foram # forams/gm 
Assemblage 
Rotalidae, 34,000 to 
Soritidae, 7,000 
Ataxo. 
' common 
-------
= 18,000 
Ataxo. and 59,000 to 
Soritidae 4o,ooo 
rel. common 
Rotalidae, 19,000 to 
Soritidae, 6,000 
Ataxo., 
Elphididae 
most common 
Miliolids, 68,000 to 
esp. genus 40,000 
Miliolinella 
common 
Miliolidae- 132,000 to· 
dominated 68,ooo 
(-1 0 to 4 ¢), Fraction 
Frea. w- • % distribution Comments 
Skewness Kurtosis Mean 0 Modes 
= o.45 = 3.95 1.8 to 1.8 ¢ Spirorbid worm 
2.2 ¢ tubes common 
= -0.5 = 2.80 1.8 to 1.4 and Found exclusively 2.2 ¢ 3.2 ¢ on windward side 
o.o to 2.5 to 2.1 to 1.9 ¢ Often associated 
--75 2.9 2.8 ¢ with packstone lenses, spirorbid 
worms common 
-0.05 to 2.15 to 1.3 to 1.4 ~ Corroded, pitted 
o.45 2.65 2.15 ¢ shells common 
.. 
o.45 to 2.8 to 2.2 to 3.3 ¢ Spirorbid worm 
1.2 3.6 2.7 ¢ tubes common 
-1.0 to 3.6 to 2.7 to 3.5 ¢ Mollusks prese!1t 
-2.0 10.0+ 3 .• 25 ¢ in:relatively 
small numbers 
volumetric importance, as seen in the cross-sections, these 
facies and their associated environments and mechanisms of 
deposition are interpreted as follows: 
1) The windward grainstone facies: 
Confined in physical extent to the windward slope of the 
bank, this facies originates as a very coarse, winnowed, shelly 
lag deposit mantling the bank surface. When it is subsequently 
buried and incorporated into the bank sediments, it is preserved 
as thin (8 cm or less) laterally discontinuous, irregular lenses. 
The winnowing of fine sediments by wave action impinging on 
the bank's windward edge is probably the mechanism which produces 
the initial extremely coarse texture. When the water level is 
sufficiently low, and winds are out of the northeast (the 
prevailing wind direction for this area), small waves can be seen 
continually breaking and washing over the surface of the windward 
edge of Ramshorn Shoal. Finer sediments are winnowed out, and 
transported southwestward, leaving behind coarse mollusk 
fragments and the larger genera (Ataxophragimidae, Soritidae, 
Rotalidae) of Foraminifera. 
These grainstone lenses are usually found associated with 
wackestone-textured layers, which also seem to be exclusive to 
the windward bank edge. Subsequent to the initial deposition of 
this shelly lag as a continuous layer, colonization by the marine 
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grass community and the _attendar t biologic burrowing and mixing 
of sediments, plus the additior of fine materials may have 
reduced much of the grainstonr to an organic-rich, 
wackestone-textured sediment. The relative abundance of spirobid 
worm tubes and an epifauna-Lominated molluscan assemblage found 
in the remaining grainston,; lenses lends support to this 
interpretation. 
2.) The storm-deposited -Jackstone facies: 
Occasionally rangi· 1g in texture between packs tone and 
wackestone, this facie, was found only in sediments from the 
windward side of Ramshorn Spit (Figure 33). It occurs as thin, 
irregular lenses am: as one thin, laterally continuous slightly 
inclined layer extending from core Rl through core 6A. Plates 
from the corallin,, algae Halimeda are very common in this layer, 
and make it easiLy recognizable and traceable. The distribution 
of Halimeda in present-day Florida Bay is restricted to areas 
adjacent to tr.e tidal passes between the Keys (Enos and Perkins, 
1979), and _!!.,limeda is not found in any abundance in any other 
core layer. 
Giver· the relatively coarse texture, geometry, stratigraphic 
position, and the presence of Halimeda plates in significant 
quantit·i', the most likely mechanism of deposition is strong 
storm-Lnduced wave action. The continuous packstone layer may 
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represent a wash-over deposit, probably emplaced by strong winter 
storm activity. Muller and Muller (1969) noted a similar layer 
in a core from Cross Bank, and attributed its origin to a 
catastrophic event. Depending on the conditions present, 
reworking of such a layer by other violent storms, wind-driven 
currents, or encroachment and sediment modification by marine 
grass, may reduce it to a series of small packstone lenses. 
3) The windward edge (wackestone) seagrass facies: 
These layers are usually located in sediments of the 
windward bank edge (Figure 33). They are often found associated 
with packstone and grainstone lenses. Traces of grass rhizomes 
and other organic material are common. Mollusk assemblages tend 
to contain approximately equal numbers of infauna and epifauna, 
and spirorbid worms are always present (Figure 28, samples Rl-3, 
-8, -18, -24). 
This facies is interpreted here as the result of a mixture 
of processes: initial deposition as a grainstone or packstone 
layer, with subsequent addition of fine material and reworking by 
the marine grass (Thalassia) community. 
4) The basal "lake" marine facies: 
This deposit is persistently found underlying all of 
Ramshorn Spit and Ramshorn Shoal. It ranges in texture between 
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.wackes tone and packs tone, and contains lithoclasts of Miami 
Limestone. 
The highest abundances of foram families Ataxophragimiidae 
and Rotaliidae, both members of the "lake" foraminiferal facies 
of Rose and Lidz (1977), are found in this unit. 
This basal layer represents a lag deposit whose fines have 
been winnowed out by wave action and/or the gyral current motion 
within the lake basin (Gorsline, 1963b). It has been interpreted 
(Enos and Perkins, 1979) as a transgressive unit, antedating the 
deposition of overlying shoals such as Ramshorn Spit and Ramshorn 
Shoal, deposited as sea level rose and marine conditions 
inundated the Pleistocene limestone surface. 
5) The fine seagrass-dominated facies: 
These layers have a sedimentary texture intermediate in the 
mudstone-wackestone range, and contain abundant evidence of 
deposition in the presence of a seagrass community: rhizomes, 
grass blades, roots, and whole gastropods and other epifauna. 
Sediments of this type contain the second highest number of 
forams per gram of sand-sized material, approximately 40,000 to 
68,000. Spirobid worm tubes are common. 
A sediment with all of the above characteristics can only be 
the result of sedimentation dominated by the seagrass (Thalassia) 
community (Ginsburg and Lowenstam, 1958). The sediment baffling 
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and trapping action of the grass blades, together with the 
stabilizing rhizome network and the subsequent biological 
modifications (pelletization, bioturbation, addition of macro-
and microfaunal shells and tests) combine to produce this very 
characteristic sedimentary facies. 
6) The leeward mud facies: 
This facies occurs either as small lenses or as continuous, 
southwestward thickening wedge-like layers. Based on their 
relatively small lateral extent, the lenses may represent local 
blow-out or traction dune deposits. Where undisturbed by roots, 
these layers often show light millimeter-scale laminations, 
probably indicating quiet-water deposition of fines from 
suspension. Infaunal mollusks dominate the faunal assemblage. 
Grass rhizomes are virtually absent, indicating that seagrass did 
not aid in stabilizing the bulk of these sediments. The highest 
number of forams per gram of sand-sized material is found in this 
type of sediment: 70,000 or more. The sand-sized fraction is 
composed almost entirely of the smaller foraminife~a, mainly 
Miliolidae. 
This facies is interpreted here as having been deposited by 
weak current action. The gyral circulation pattern noted in the 
lakes by Gorsline (1963b) moves the abundant sediment in 
suspension toward the periphery of each basin, and onto the mud 
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banks. Wave action on the windward side of the bank winnows out 
fines and transports them to the leeward side, where wave action 
is much reduced and currents are slower. Gyral circulation on 
the leeward side simply deposits its sediment load as it impinges 
on the bank and slows in velocity. 
In spite of the evident lack of seagrass cover to stabilize 
these fine sediments, large amounts (1.3 m) have accumulated. 
The stability of these deposits can be attributed to the low 
erodability of the mud. Once enough mud accumulates, it has had 
time to compact to a firm deposit. With consolidation, the 
degree of cohesion increases rapidly, to the point where this mud 
is more erosion-resistant than a consolidated sand (Blatt, 
Middleton, Murray, 1980). 
It should be recognized that gradations exist between all of 
the above-mentioned facies. Many of the samples examined in this 
study represent transitional environments, or areas where more 
than one mechanism or agent of deposition has had an effect. 
None of these processes; wave action, violent storms, wind-driven 
currents across the bank, weak gyral circulation within the lake 
basin, or the activity of the seagrass community, operates on a 
completely independent basis. Interactions between these various 
mechanisms produces a complex mosaic of sediment types. The 
action of more continuous processes may often obscure the 
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distin.,u' shing characteri
stics of sediments left be
hind by 
episr·ti~ processes. Cert
ainly, those sediments de
posited by 
cont: Ln .1ous depositional p
rocesses are represented 
in larger 
vo~.ur. ~s in the sedimentar
y record of Ramshorn Spit
 and Ramshorn 
Sl,oal than those of episo
dic processes. 
MECHANISMS OF DEPOSITION A
ND DEPOSITIONAL HISTORY: 
RAMSHORN SPIT 
VERSUS RAMSHORN SHOAL 
A comparison of the strat
igraphic cross-sections 
of Ramshorn 
Spit and Ramshorn Shoal (Figure
s 33 and 34) reveals several m
ajor 
differences. The majority of Ram
shorn Spit' s sediment 
11 package" 
consists of the leeward m
udstone facies, predomina
ntly in the 
form of a large southwest
ward-thickening wedge. T
he fine 
seagrass-held facies is se
condary in volumetric imp
ortance, and 
occurs as one basically c
ontinuous layer at the to
p of the 
section, and several irreg
ular discontinuous prisms
 at depth. 
The sediments of the windw
ard side consist of packs
tone lenses 
and thin layers, small gr
ainstone lenses, and wack
estone prisms. 
In contrast, the most (volumet
rically) abundant facies of 
the Ramshorn Shoal sectio
n is the fine seagrass-he
ld sediment, in 
the form of small prisms 
and long continuous wedge
s. Except for 
a mantling of grainstone-
type sediment on the surf
ace of the 
windward side, the windwa
rd packstone and grainston
e facies are 
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missing. The data here, however, are incomplete. The pre
sence 
(or absence) of the windward packstone and grainstone facies 
cannot be demonstrated in Ramshorn Shoal. The windward 
wackestone facies seems to be the most common facies of th
e 
windward side of Ramshorn Shoal. 
One noticeable feature of the Ramshorn Spit cross-section 
is 
the sedimentary sequence of the windward side. A layer of 
the 
leeward mud facies lies between two windward wackes tone un
its. 
The lower windward wackestone unit bears a strong morpholo
gical 
and textural resemblance to the stratigraphy of Ramshorn S
hoal as 
seen in the cross section. Any model postulated to explain
 the 
origin and growth history of Ramshorn Spit must also provid
e an 
explanation for this enigmatic sedimentary sequence. 
Both Ramshorn Spit and Ramshorn Shoal are composed of the 
same southwestward-sloping facies types. However, some of
 these 
facies are present in differing proportions within the spi
t and 
shoal. Based on the previous interpretations of facies 
environments and mechanisms of deposition, the observed 
stratigraphic differences between the spit and the shoal a
re 
interpreted here as the result of several mechanisms of 
deposition operating with different degrees of intensity in
 each 
area. 
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The major mechanisms of de
position affecting s
edimentation 
at Ramshorn Spit and
 Ramshorn Shoal can b
e listed as follows: 
a) winnowing of fines by 
wave action; b) transpor
t and deposition 
of fines by wind-driv
en currents across th
e bank; c) violent 
storm action; d) weak gyr
al current transport
 and deposition of 
suspended materials 
on the periphery of 
the lake basin; and 
e) 
sediment trapping, s
tabilization, and tex
tural modification by
 
the Thalassia marine
 grass community. E
ach mechanism produc
es a 
characteristic sedim
ent, as does any com
bination of mechanism
s. 
The more interaction
 between mechanisms, 
however, the more 
complex the facies r
elationships will be
. 
Based upon stratigrap
hy and the interpret
ed mechanisms of 
deposition, it can be
 argued that Ramshor
n Spit was largely 
formed by those proc
esses that effect th
e transport and 
deposition of fine (silt 
and clay-sized) sediments
, primarily 
without the aid of s
eagrasses: wind-dri
ven currents across 
the 
bank top and the slow
, intra-"lake" gyral
 circulation. The 
southwestward inclina
tion of these sedime
nts suggests a gradua
l 
progradation of the s
pit into the surroun
ding "lake" basin. 
The 
sporadic, irregular p
risms of the fine gr
ass-held facies indi
cate 
a patchy grass growth
 and sediment stabil
ization pattern sim
ilar 
to that which is tak
ing place on the pre
sent-day spit termin
us. 
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The stratigraphy of Ramshorn Shoal seems to indicate that 
the dominant depositional mechanism is associated with the marine 
grass community. A lesser contribution to mud deposition is made 
by the wind-driven currents and intra-lake gyral currents. These 
muds may be less abundant than the mud layer of Ramshorn Spit 
because the only sediment source is the suspended material 
transported from the windward side of the bank by wind-driven 
currents. As the current strength dissipates on the leeward 
side, this fine material is deposited. Subsequent marine and 
grass colonization stabilizes these muds and promotes more 
sediment deposition. The inclined appearance of these sediment 
layers (Figure 34) produced by the interaction of these 
depositional mechanisms indi~ates that as well as vertically 
accreting, Ramshorn Shoal sediments also prograde laterally, to 
the southwest. However, since the contacts of the Ramshorn Spit 
depositional units are more nearly horizontal than those of 
Ramshorn Shoal's units, and since Ramshorn Shoal seems to receive 
a smaller quantity of fine sediment, the rate of lateral 
accretion (and therefore progradation) of Ramshorn Spit appears 
to be much greater than that of Ramshorn Shoal. 
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PROPOSED MODEL 
Based upon the stratigraphy of Ramshorn 
Spit and Ramshorn 
Shoal, and upon existing information on c
onditions within Florida 
Bay, the following model for the initiati
on and subsequent growth 
of Ramshorn Spit is proposed: 
1) The formation of Ramshorn Shoal preceded the i
nitiation of 
spit growth, with Cross Bank already in p
lace to the southwest. 
The build up of the sediments comprising 
Ramshorn Shoal is 
directly attributable to the sediment tra
pping and stabilizing 
capabilities of Thalassia. Eventually, R
amshorn Shoal attained a 
sediment thickness sufficient to begin to
 significantly restrict 
water circulation toward the northeast. 
Assuming that the prevailing wind directi
on was out of the 
northeast, as it is today, water in the 
"lake" area south of 
Ramshorn Shoal pushed to the southwest by
 those winds would have 
impinged on the northern side of Cross B
ank. Unable to flow past 
the bank, the water currents would have r
eflected off of it and 
begun to flow back towards Ramshorn Shoa
l. This return flow is 
visualized here as taking the basic form 
of two opposing gyres 
(Figure 35 a,) • 
2) These gyres may have picked up fine materials 
resuspended by 
wave action from within the lake, and pe
rhaps from along the bank 
margins (either before or after temporary depositi
on) and 
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Figure 35 a. Initiation of gyral circulation pattern in lake southwest of 
Ramshorn Shoal, prior to beginning of deposition of Ramshorn Spit. 
.transp·orted them in suspension. Where the two opposing gyres 
meet and intersect, their velocities may have cancelled each 
qther out sufficiently to allow formation of a "null point"; an 
area of near-zero water current velocity (Figure 35 b.). At this 
spot, deposition of fine materials could occur, marking the 
initiation of deposition of Ramshorn Spit as a lobe of 
mudstone-textured sediment partially overlying the grass-held 
muds tone/wackes tone and wackes tone mud bank facies. 
3) Erosion of Ramshorn Shoal's windward side, coupled with 
re-deposition on the leeward side, by either consistent strong 
northeast winds, or violent storm action (or a combination of 
both) may have resulted in a shift of at least a portion of the 
shoal to the southwest. This migration of the shoal would have 
produced a cross-sectional stratigraphy in which the grass-held 
mudstone/wackestone and wackestone mud bank facies is overlain by 
the leeward muds tone-textured facies of the spit (Figure 35 c.). 
Continued deposition of fines at the spit terminus allowed the 
spit to prograde further into the lake. 
4) Stabilization of the older portions of the spit by the 
formation of a Thalassia grass cover followed the direction of 
progradation, and encouraged further vertical build up of 
mudstone/wackestone and wackes tone sediments (Figure 35 d.). The 
maximum vertical extent of these sediments is ultimately 
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controlled by the position of sea level. At the present tim
e, 
the surface of the bank and most of the spit are within 30 
cm or 
less of mean sea level, Therefore, most of the present-day
 
accretion takes place at the spit terminus, where the wate
r is 
deeper. 
Gyral circulation patterns are known to exist in Florida Ba
y 
lakes (Gorsline, 1963). Figures 36 and 37 depict typical gyral 
circulation patterns in the lake basins north and south of 
the 
study area. According to Gorsline (1963), where such gyral 
circulation slows to the point that water current velociti
es 
become negligible, that area becomes a focal point for 
sedimentation. Unfortunately, such detailed water circulat
ion 
data are not available for the lake areas directly to the n
orth 
and south of Ramshorn Shoal. A study of water currents and
 
circulation patterns in those areas is critical to verific
ation 
of the proposed model. 
The suggestion that the banks of eastern Florida Bay may 
have migrated to their present positions does not originate
 with 
this study. Enos and Perkins (1979) hypothesized that the 
southwestern migration of banks at some time in the past ma
y 
account for the lack of basal peat deposits beneath those b
anks. 
It may be possible for the local bedrock topography to have
 
influenced the direction and velocity of the gyral water mo
tion, 
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137 
... ~ 
causing a localization of the fine mud deposition. Figure 38 
depicts the bedrock topography within the study area (with the 
location of Ramshorn Shoal and Upper Cross Bank superimposed ove.r 
the depth contours), as mapped by Davies (1980). This map 
represents the most detailed data on the bedrock topography of 
eastern Florida Bay available at this time. As seen in the 
figure, Ramshorn Spit and the unnamed spit of Upper Cross Bank 
parallel the trend of an eastward-sloping shelf-like area in the 
bedrock floor, and almost seem to follow the 8-foot contour line. 
The widened portion of Ramshorn Shoal, where fine muds are also 
accumulated, may be associated with a low area in the bedrock. 
ALTERNATE MODELS 
In the course of this.study, several other models were 
considered as explanations for the origin, growth, and resultant 
stratigraphy of Ramshorn Spit. The existing stratigraphic 
differences between Ramshorn Spit and Ramshorn Shoal preclude any 
explanation in which the passive build up of sediments within a 
Thalassia grass community (as in the model of Ginsburg and 
Lownestam, 1958) is the primary depositional mechanism operating 
at Ramshorn Spit. The majority of the sediments comprising 
Ramshorn Spit lack any evidence of grass stabilization. Ramshorn 
Spit cannot therefore be termed a "dead-end bank". 
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Another model considered involves deposition of the thick 
mudstone layer which comprises most of Ramshorn Spit by a 
catastrophic storm event. Ramshorn Spit would then represen
t an 
erosional remnant of this storm layer, sculpted out by curre
nt 
action. The extremely fine (98 percent mud) texture and 
homogeneous character of this mud layer, as well as the pres
ence 
of fine lamination structures, does not seem compatible with
 a 
high energy depositional mechanism. Erosion of such a mud l
ayer 
into a narrow mud "spit" does not seem likely, given the 
low-energy conditions which normally prevail in Florida Bay.
 In 
addition, this thick mud layer is absent from the stratigrap
hy of 
Ramshorn Shoal. 
A third model for spit deposition considered but also 
rejected by this study involves the formation of an actual breach 
or "notch" in Ramshorn Shoal, at the location of Ramshorn S
pit. 
The increase in the velocity of water passing through this 
notch 
and the corresponding velocity decrease as the water passes 
out 
into the open lake could cause sediment deposition in the fo
rm of 
a spit. However, there is no existing physical evidence to 
suggest that such a breach has ever occurred in any mud bank
 of 
Florida Bay. The remarkable resistance of Thalassia-covered
 mud 
banks to significant erosion during hurricanes and violent s
torms 
140 
(Ball, et al., 1967; Per
kins and Enos, 1968;
 and others) is 
well-documented. 
In the absence of d
etailed water curren
t velocity/direction
 
data·for the lake ba
sin surrounding Ram
shorn Spit, the mode
l for 
.spit origin and grow
th proposed by this 
study seems to be th
e 
explanation that be
st accounts for the 
observed stratigraph
y of 
Ramshorn Spit, and p
rovides a possible m
ode of origin for th
e two 
other areas of mud a
ccumulation in the 
study area: the spi
t on 
Upper Cross Bank, an
d the widened area o
f Ramshorn Shoal, ea
st of 
Ramshorn Spit. 
CONCLUSIONS 
1. Six different 
sediment types or "m
ud bank facies" were
 
identified from core
 and surface sample
s from Ramshorn Spit
 
and Ramshorn Shoal. 
These facies are dif
ferentiable on the 
basis of gross geom
etry, sedimentary tex
tures and 
structures, mollusca
n fauna and foramin
iferal assemblage. 
The six facies and t
heir interpreted env
ironments and 
mechanisms of depos
ition, listed in ord
er of increasing 
volumetric importan
ce, are: 
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a. Windward Grainstone Facies: 
A coarse, shelly lag deposit initially d
eposited on 
the windward side of the mud bank, produ
ced by the 
winnowing of fines by wave action. 
b. Storm-Deposited Packstone Facies: 
Confined to the windward side of the mud
 bank, and· 
deposited by violent storm wave activity
. 
c. Windward Seagrass Facies: 
Located mainly on the windward bank edg
e, this 
facies originates as a grainstone or pa
ckstone layer. 
When it is colonized by the marine grass
 Thalassia 
testudinum, it undergoes extensive textu
ral 
modification, due to bioturbation and a
ddition of 
fines. 
d. Basal '.'Lake" Facies: 
Located directly above the Miami limesto
ne bedrock 
surface, this layer underlies and theref
ore pre-dates 
the sediments of Ramshorn Spit and Rams
horn Shoal. 
This layer represents a lag deposit gen
erated by the 
winnowing action of wind-driven currents
 and gyral 
circulation within the open "lake" basin
. 
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2. 
3. 
e. Fine Seagrass-Dominated Facies: 
This facies is the product of the intera
ction 
between the sediment-baffling and trappi
ng capabilities 
of Thalassia testudinum and the slow cu
rrent transport 
of fine suspended material. Sediments o
f this type 
average 92 percent mud by weight. 
f. Leeward Mud Facies: 
Confined to the protected leeward side o
f the mud 
bank, this facies is produced by weak cur
rent transport 
of fines, in the absence of a stabilizin
g seagrass 
cover. The average mud content of this 
facies is over 
97 percent by weight. The majority of the sediment 
comprising Ramshorn Spit consists of thi
s facies. 
The Ramshorn Spit sediment package is do
minated by the 
leeward mud facies, while the majority of the sedim
ent of 
Ramshorn Shoal consists of the fine sea
grass-dominated 
facies. 
The bulk of Ramshorn Spit's sedimentary 
sequence was 
deposited in the absence of a stabilizin
g seagrass 
community, probably by weak current tran
sport, via 
wind-driven currents and the gyral circu
lation pattern 
143 
4. 
·5. 
6. 
within the surrounding lake
 basin. The lake basin ser
ved as 
a significant source area 
for fine ( <62µm) material. Once 
deposited, the compaction o
f the fine material improve
d its 
cohesiveness and prevented 
erosion. 
Both Ramshorn Spit and Ram
shorn Shoal in their 
present-day positions post-
date the deposition of the 
transgressive basal lake de
posit. 
The southwestern inclinatio
n of the sediment layers o
f 
Ramshorn Spit and Ramshorn 
Shoal indicates a progradin
g mode 
of growth. The much great
er lateral extent of Ramsh
orn Spit 
implies a faster rate of la
teral accretion than Ramsh
orn 
Shoal. 
The model proposed by this 
study involves formation of
 
Ramsho·rn Shoal prior to in
itiation of growth of Rams
horn 
Spit. The accompanying re
striction of water circulat
ion in 
the lake basin south of the
 shoal may have produced a 
water 
circulation pattern consis
ting of two opposing gyres
. Where 
the gyres converged and form
ed a point of near-zero wa
ter 
current velocity, depositio
n of fine suspended materi
als may 
have occurred, initiating t
he development of Ramshorn 
Spit. 
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Subsequent southwestern migratio
n of the shoal and 
continuing deposition of fines 
at the spit terminus produced 
the characteristic stratigraphy
 as observed in the sediment 
cores. Regional bedrock topogra
phy underlying the study 
area may have been influential 
in determining the actual 
site of spit formation. 
7. The spit of Upper Cro
ss Bank may have formed in a 
manner similar to that of Rams
horn Spit. The thickened, 
muddy portion of Ramshorn Shoal
 (east of Ramshorn Spit) may 
represent an early stage of for
mation of a new mud spit. 
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APPENDIX 1. Physical, Mineralogical and Chemical Characteristics of 
Sediments in Fl?rida Bay 
Mass properties 
Water content (dry weight basis), % 
Porosity., % · 
Grairi density, g/cc 
Bulk density, g/ cc 
Grain size distribution 
Median diameter, mm 
Trask sorting coefficient 
Wt % ::>O .125 mm (sand) 
Wt% >0.062 mm (sand) 
Wt % <0.062-0.001 mm (silt-clay) 
Wt % <O. 001 mm (subclay) 
Carbonate mineralogy 
% aragonite 
% high-Mg calcite 
% low-Mg calcite 
% ~p·",i,Onite 
lo high·-Mg calcite 
% low-Mg calcite 
Western Florida Bay 
Average 
71.5 
65.·9 
Average 
30 
48 
22 
. 2. 71 
1.58 
o.oi8 
6.81 
Range 
1-52 
9-70 
5-50 
Subsurface and sur.f:<1, .:. 
sediment~ 
Avere.r,:e 
59 
27 
14 
Surface 
Average 
59 
26 
15 
1\:mge 
35-77 
3-54 
1-29 
sediment 
Range 
41-70 
10-47 
10-20 
Eastern Florida Bay 
Average 
Average 
51 
0.025 
Range 
15-90 
Surface sediment 
Average 
46 
37 
17 
Surface 
Average 
67 
19 
16 
Range 
20-78 
0-51 
4-80 
sediment 
Range 
40..:100 
0-39 
6'-,44 
General sediment chemistry Ca/Mg 
Sr/Ca x 103 
% Sr 
% Mg 
% Mn 
% Ba 
%'calcareous minerals % non calcareous minerals % organic matter 
% organic carbon 
% organic nitrogen 
Organic carbon/organic nitrogen 
From Scholl, 1966. 
APPENDIX 1 (cont.) 
Western Florida Bay 
Average 
25 
8.7 
Average 
87 
9 
4 
2.1 
0.15 
17 
Range 
6-41 
6 .3-11. 7 
Range 
31...:90 
8-13 
2-6 
1.3-3.7 
0.29-0.09 
13-26 
Eastern Florida Bay 
Average 
0.42 
1.4 
0.006 
0.002 
Range 
0.20-0.64 
0.06-4 .1 
0.0005-0.04 
0.001-0.004 
Average 
6.2 
3.5 
0.1 
27.5 
APPENDIX 2. Modified Acceptance Sampling Procedure 
This procedure was used to define initial statistically 
discernible intervals within each core, to then be tested with 
discriminant function analysis, The variable weight percent mud 
was used. 
The procedure, as outlined by Carson and McManus (1971), 
involves the calculation of two estimates of error variance by 
averaging the variance between all pairs of adjacent samples down 
the core. One estimate is based on sample pairs beginning with 
the first (uppermost) sample, whereas the second estimate 
incorporates pairs beginning with the second sample. The smaller 
value of variance was used as the best estimate of error 
variance, on the premise that the larger of the two estimates 
incorporated variance estimates from sample pairs which 
encompassed boundaries of significantly different intervals. 
Using the smaller estimate, a confidence interval was constructed 
so that an observation falling outside of this interval would be 
rejected with 95 percent confidence. 
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Beginning at the top of each core and assuming the top 
sample's weight percent mud value was equivalent to the mean, the 
next sample was tested at = 0.05, to determine if the two 
samples belong to the same interval. If the two samples were not 
statistically different, they were averaged together and used as 
a new mean value to test against the next sample. This procedure 
was iterated down through the core. 
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APPENDIX 3. 
Additional cores from core group I 
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1 - 4 WW - 1A ~ ¢ 4 ef t.4/W P; A ...t.1 w 4 l ~ t-~ (/) ,...~~-' c::: 
-:,.-:..,~ ~ .., p M/W '""'e ... } e - t:,. w I-
- ~ ... 
fl Ii l I- w "l t " A w w M/W l ' ~ 1 ~ LL e"l w 0 1 l · ( .., A f:, 1-rf )J t 6 M 2 M M 
j j M 1 l l ' Ao--i J l 
-- tf ~ w t f_;" A - w - - - - 1 o--" ~ 
-- ,.__,I - -- -
~-
1 • - A ;...:::.- p M A - A 
1.., 11 f G <...--, :~}l~l p -_-_-:::., M/W 1 1 .. 6 - d A ( ._o -fl w 
-r f:, 
l l 1 A 1 ¥ J .11 
M A _.., 
M 
--(J • G - f M/W M 
l 1 l 1 ). ~ 4 '-' A d A ~ w .., d-" ll"A 
" 
t/ ; I !, --.i:1-.., 
w 
-1,~ .., A G ~ pi 1 M M 4 0 t f1A f - -t:.J .., w 
" -
.., - A A A 
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APPENDIX 3, continued. Additional cores from core group III. 
R-9 R-10 0 0 
4 A 0 v M/W 
M/W 
4 t, 
~ 1 
--v .... Cf) 
,.. a:: 
w f-
..... V f- w 
w w 
~ LL 
1 2 
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01 r~ 
3 
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APPENDIX 3, continued. Additional cores from core group IV. 
1 
A 
4 
_1:.A 
M/W 
p 
MIW 
M 
159 
R-20 
0 
M 
A 
f-
w 
w 
LL 
0 
2 
3 
Sample 
R1-1 
R1-2 
R1-3 
R1-4 
R1-5 
R1-6 
R1-7 
R1-8 
R1-9 
R1-10 
R1-11 
R1-12 
R1-13 
R1-14 
R1-15 
R1-16 
R1-17 
R1-18 
R1-19 
R1-20 
R1-21 
R1-22 
R1-23 
R1-24 
R1-25 
R1-26 
R1-27 
R1-28 
R1-29 
R1-30 
6A-1 
6A-2 
6A-3 
6A-4 
6A-5 
6A-6 
6A-7 
6A-8 
6A-9 
6A-10 
6A-11 
6A-12 
APPENDIX L1-. 
Weight Percent Organic Material 
160 
Wt. % Organics 
1.822 
1.721 
1.270 
1.181 
1.033 
1.037 
1.221 
1.184 
1.095 
1.061 
1.365 
1.002 
1.092 
1.112 
1.420 
1.297 
1.252 
0.932 
0.958 
0.748 
1.026 
1.375 
1.254 
1.026 
1.202 
0.472 
o.492 
0.303 
0.266 
0.253 
0.538 
0.763 
0.916 
0.514 
0.840 
0.703 
0.633 
0.977 
0.678 
0.757 
1.288 
0.670 
APPENDIX 4., continued 
Sample 
6A-13 
6A-14 
6A-15 
6A-16 
6A-17 
R11-1 
R11-2 
R11-3 
R11-4 
R11-5 
R11-6 
R11-7 
R11-8 
R11-9 
R11-10 
R11-11 
R11-12 
R11-13 
R11-14 
R11-15 
R11-16 
R11-17 
R11-18 
R15-1 
R15-2 
R15-3 
R15-4 
R15-5 
R15-6 
R15-7 
R15-8 
R15-9 
R15-10 
R15-11 
R15-12 
R15-13 
R15-14 
R15-15 
R15-16 
R15-17 
R15-18 
R15-19 
R15-20 
161 
Wt. % Organics 
0.858 
0.758 
0.876 
0.806 
0.505 
0.701 
0.674 
0.542 
1.131 
0.610 
0.907 
0 • .570 
0.985 
2.489 
o.847 
1·.244 
0.872 
0.626 
1.718 
0.893 
o.446 
0.382 
0.274 
1.474 
1.24o 
1.243 
1.526 
5.637 
3.441 
8.464 
1.189 
1.258 
0.826 
1.301 
0.905 
4.066 
0.732 
3.013 
0.900 
0.565 
0.787 
0.980 
0.703 
APPENDIX 4., continued 
Sample 
R15:...21 
R15-22 
R15-23 
R15-24 
R15-25 
R15-26 
R15-27 
R15-28 
RHS-1 
RHS-7 
RHS-16 
RHS-25 
RHS-31 
RHS-32 
RHS-33 
RHST1-A 
RHST1-C 
RHST1-E 
RHST1-H 
RHST2-1 
RHST2-3 
RHST2-5 
RHE-1 
RHE-3 
RHE-5 
RHE-7 
RHE-9 
UCB-1 
UCB-3 
UCB-5 
RHSH-1 
RHSH-3 
RHSH-5 
162 
Wt.% Organics 
1.101 
4.817 
0.973 
3.792 
0.627 
o.488 
0.339 
0.555 
2.070 
1.291 
1.532 
1.432 
1.992 
1.308 
o.485 
1.877 
1.646 
1.104 
1.429 
0.813 
2.555 
0.962 
1.231 
2.655 
2.664 
2.601 
2.280 
1.485 
2.499 
0.691 
2.417 
1.260 
0.742 
APPENDIX 5. Sieve and Pipette Size Analysis Data 
Sample Weight Percent Sediment 
gr.avel sand mud textural type 
R1-1 3.02 20.68 76.80 3 
R1-2 1.85 14.834 83.32 3 
R1-3 5.11 13.73 81.16 3 
R1-4 5.00 15.55 79.45 3 
R1-5 29.91 17.95 52.14 5 
R1-6 2.69 11.09 88.35 2 
R1-7 3.93 19.97 76.10 3 
R1-8 5.03 14.09 80.88 3 
R1-9 4.79 7.61 87.60 2 
R1-10 0.83 9.15 90.10 2 
R1-11 o.oo 3.87 96.13 1 
R1-12 0.06 3.12 96.83 1 
R1-13 0.15 2.60 97.25 1 
R1-14 0.00 2.54 97.46 1 
R1-15 o.oo 1.62 98.38 1 
R1-16 o.oo. 1.73 98.28 1 
R1-17 o.oo 2.11 97.88 1 
R1-18 1.34 14.39 84.26 3 
R1-19 2.90 25.33 71-77 3 
R1-20 1.54 11.4o 87.07 2 
R1-21 2.85 4.74 92.42 2 
R1-22 o.42 2.56 97.03 1 
R:J-23 3.85 8.72 87.43 2 
R1-24 5.10 12.69 82.20 3 
R1-25 0.72 6.38 92.89 2 
R1-26 0.11 3.44 96.44 1 
R1-27 1.66 6.93 91.40 2 
R1-28 4.50 10.74 84.76 3 
R1-29 7.03 16.30 76.67 3 
R1-30 9.59 16.59 73.81 3 
6A-1 1.37 20.37 78.25 3 
6A-2 o.oo 11.51 88.49 2 
6A-3 3.35 8.66 91.00 2 
6A-4 0.35 5.00 94.65 2 
6A-5 o.oo 0.81 99.19 1 
6A-6 O.GO 1.33 98.67 1 
6A-7 0.22 2.95 96.69 1 
6A-8 7.70 23.39 69.91 4 
6A-9 o.oo 2.92 97.08 1 
6A-10 0.00 2.35 97.65 1 
6A-11 o.oo 2.29 97.71 1 
6A-12 o.oo 2.53 97.47 1 
163 
APPENDIX 5. , continued 
Sample Weight Percent Sediment gravel sand mud textural type 
6A-13 o.oo 2.38 97.62 1 6A-14 o.oo 1.66 98.34 1 6A-15 0.82 3.36 95.82 1 6A-16 3.59 11.35 85.06 3 6A-17 7.05 26.55 66.40 4 R11-1 o.oo 5.52 94.48 2 R11-2 5.72 10.17 · 54.11 3 R11-3 0.95 4.74 94.31 1 R11-4 o.oo 2.42 97.57 1 R11-5 o.oo 4.46 95.54 1 R11-6 0.05 2.10 97.84 1 R11-7 0.19 3.48 96.33 1 R11-8 0.31 7.24. 92.45 2 R11-9 0.11 3.60 96.28 1 R11-10 o.oo 2.22 97.78 1 R11-11 1.28 6.65 92.07 2 R11-12 1.61 6.12 92.27 2 R11-13 0.26 3.85 95.89 1 R11-14 2.05 8.32 89.63 2 R11-15 1.64 8,13 90.23 2 R11-16 0.10 6.66 93.23 2 R11-17 5.73 20.88 73.39 3 R11-18 23.54 23.37 53.09 5 A-1 0.36 6.29 93.35 2 A-2 0.62 7.57 91.81 2 A-3 0.05 4.50 95.44 2 A-4 10.08 13.4o 76.52 3 A-5 0.36 5.49 94.14 2 A-6 2.59 10.69 86.71 2 A-7 0.09 1.94 98.01 1 A-8 0.11 2.48 97.42 1 A-9 0.39 5.31 94.29 2 A-10 0.72 6.94 92.34 2 A-11 0.76 12.70 86.54 2 A-12 19.82 16.98 63.20 4 R15-1 1.03 3.74 _ 95.24 2 R15-2 o.44 7.37 92.19 2. R'.!5.-~ 6.23 6:\)7 · 92.80 2 R15- 0.20 4.65 95.15 2 R15-5 0.97 8.07 90.96 2 R15-6 0.59 4.51 94.90 2 
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APPENDIX 5., continued 
Sample Weight Percent Sediment 
gravel sand mud textural type 
R15-7 2.01 4.42 93.57 2 R15-8 0.35 5.79 93.78 2 R15-9 0.32 2.99 96.68 1 R15-10 0.29 4.07 95.63 1 R15-11 o.65 4.64 94.70 2 R15-12 o.oo 2.28 97.72 1 R15-13 o.oo 4.39 95.61 1 R15-14 0.36 3.60 96.03 1 R15-15 o.65 3.20 96.15 1 R15-16 0.16 2.24 97.59 1 R15-17 0.08 1.89 . 98.03 1 R15-18 0.00 1. 76 98.24 1 R15-19 3.39 o.84 95.76 1 R15-20 0.21 2.39 97.39 1 R15-21 0.81 2.84 96.36 1 R15-22 0.00 3.12 96.88 1 R15-23 1.89 25.95 72.15 3 R15-24 2.83 13.61 83.56 3 R15-25 0.21 8.68 91.11 2 R15-26 2.69 16.53 80.78 3 R15-27 6.84 38.49 54.66 5 R15-28 7.57 26.31 66.12 4 
R4-1 20.08 24.933 54.99 5 R6-1 17.95 18.16 63.89 4 R8-1 14.27 11.35 74.39 4 R7-1 16.68 24.94 58.37 4 R7-2 4.60 15.43 79.96 3 1A-1 15.71 26.30 58.00 4 2A-1 6.50 25.70 67.79 4 2A-2 10.26 28.35 61.38 4 3A-1 3.47 17. 71 78.81 3 4A-1 7.71 13.73 78.56 3 5A-1 2.24 19.74 78.01 3 5A-2 3.82 14.02 82.16 2 5A-3 1. 75 7.51 90.73 2 
RHS-1 5.11 47.04 47.85 5 RHS-7 30.07 24.19 45.75 5 RHS-16 0.61 9.86 - 89.54 2 RHS-25 1.04 5.41 93 • .55 2 RH8-31 o.oo o.85 99.15 1 
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APPENDIX 5., continued 
Sample Weight Percent Sediment gravel sand mud textural type 
RHS-32 0.67 5.97 93.36 2 RHS-33 7.11 20.79 72.10 4 RHST1-A o.oo 6.10 93.90 2 RHST1-C o.oo 4.49 95.51 1 RHST1-E o.oo 23.71 76.29 3 RHST1-H o.oo 2.03 97.97 1 RHST2-1 0.18 29.53 70.29 3 RHST2-3 2.79 15.02 82.19 3 RHST2-5 13.n1 36.62 49.77 5 RHE-1 16.15 59.57 24.28 5 RHE-3 o.o4 4.36 95.60 1 RHE-5 1.46 7.69 90.85 2 RHE-7 o.oo 1.76 98.24 1 RHE-9 1.22 7.46 91.32 2 UCB-1 o.oo 1.98 98.02 1 UCB-3 2.53 19.69 77.78 3 UCB-5 0.74 11.53 87.73 2 RHSH-1 o.34 11.00 88.66 2 RHSH-3 o.oo 5.89 94.10 2 RHSH-5 3.36 26.48 70.16 3 
Key to Sediment textural type: 
1 : mud.stone 
2 fine transition (m/wk) 
3: wackestone 
4 : pa.ckstone 
5: grainstone 
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APPENDIX 6a. R-Mode Factor Analysis of Settling Tube Data, 
60 Samples - Ramshorn Spit Data Only 
Rotated Principal Axis Factor Loadings 
Phi 
Size Factor 1 Factor 2 Fae.tor 3 
-1. 0 0.005 -0.009 0.920 
- .8 0.206 0.026 0.952 
- .6 0.347 0.048 0.918 
- .4 0.587 0.093 0.758 
- .2 0.686 0.100 0.658 
0.0 0.746 0.124 0.598 
0.2 0.762 0.148 0.590 
0.4 0.792 0.213 0.525 
0.6 0.804 0.270 0.457 
0.8 0.836 0.332 0.353 
1.0 0.836 0.411 0.275 
1.2 0.799 0.519 0.214 
1..4 0.711 6.650 0.175 
1.6 0.554 0.802 0.113 
1.8 0.348 0.906 0.011 
2.0 0.092 0.963 -0.083 
2.2 -0.143 0.932 -0.156 
2.4 -0.467 0.844 -0.188 
2.6 -0.843 0.450 -0.162 
2.8 -0.916 -0.117 -0.098 
3.0 -0.814 -0.464 -0.093 
3.2 -0.693 -0.674 -0.139 
3.4 -0.560 -0,797 -0.204 
3.6 -0.442 -0.846 -0.257 
3.8 -0.360 -0.850 -0.294 
4.0 -0.301 -0.829 -0.320 
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APPENDIX 6b. R-Hode Factor Analysis of Settling Tube Data, 
All 79 Samples 
Size Rotated Principal Axis Factor Loadings 
mm 0 Factor 1 Factor 2 Factor 3 
-1.0 
-0.003 0.001 0.916 
-0.8 0.193 0.040 0.956 
-0.6 0.326 0.070 0.925 
-0.4 0.580 0.106 0.764 
-0.2 0.693 0.102 0.654 
0.0 0.760 0.111 0.582 
0.2 0.780 0.131 0.569 
0.4 0.809 0.193 0.504 
0.6 0.824 0.252 0.438 
0.8 0.854 0.310 0.342 
1.0 0.856 0,381 0.268 
1.2 0.828 0.479 0.208 
1.4 0.754 0.604 0.168 
1. 6 0. 613 0.758 0.109 
1.8 0.403 0.888 0.022 
2.0 0.161 0.959 
-0.051 
2.2 
-0.083 0.957 
-0.104 
2.4 
-0.398 0.892 
-0.117 
2.6 
-0.789 0.560 
-0.099 
2.8 
-0.932 
-0. 021 
-0.068 
3.0 
-0."840 
-0.425 
-0.083 
3.2 
-0.711 
-0.658 
-0.137 
3.4 
-0.575 
-0.788 
-0.200 
3.6 
-0.460 
-0.841 
-0.250 
3.8 
-0.382 
-0.850 
-0.284 
4.0 
-0.319 
-0.840 
-0.305 
1_68 
! 
f j 
i 
J 
' APPEt-!DIX 7a. R-Mode Factor Analysis Data: 
Factor Scores 
60 Samples; Rarnshorn Spit Data Only 
SarnEle Label ti Factor 1 Fac
tor 2 Factor 3 
RHS-33 1 1.198 0
.399 0.172 
Rl-29 2 1. 232 
0.473 0.123 
Rl5-28 3 1.135 
0. 791 -0.673 
Rll-18 5 2.913 
0.095 0.251 
RHS..,-25 7 0.099 -1. 777 
-0.511 
Rll-5,6,7 8 -0.634 -
0.799 -0.657 
Rl5-12,13,14 9 0.285 -
1. 735 -0.819 
Rl-12,13,14,15 10 -0.311 -
0.952 -0.353 
5A-2 11 -0.199 
0.016 -0.485 
R6-l 12 2.462 
-0.492 -0.243 
lA-1 13 0.557 
0.134 -0. 772 
RHS-7 14 -0.394 
-0.635 6.148 
Rl-5 15 -0.431 
0.529 0.437 
5A-3 16 -0.297 
0.965 0.009 
2A-2 17 -0.805 
1.048 -0.262 
RHS-1 18 -0.801 
2.823 -1. 041 
6A-8 20 0.539 
0.667 0.039 
Rll-11 23 -0.708 
-0.566 -0.308 
Rl5-3,4,5 24 -0.467 -
0.808 -0.492 
Rl-6 25 -0. 721 -
0.336 0.388 
Rl-20 26 -0.109 
0.369 -0.163 
Rl-10 27 -1.403 
0.533 0.470 
Rl-8 28 -0.048 -0
.516 -0.594 
6A-l 29 -1. 769 
0.076 0.042 
Rl5-26 30 -0.976 
0.938 0.602 
Rl5-25 31 -0.853 
0.607 0.181 
Rl5-23 32 -1.130 
0.667 -0.044 
Rl5-10,ll 33 0.428 -
0.475 -0. 793 
Rl5-6, 7, 8 34 -0.541 -
0.740 -0.882 
Rl5-l,2 35 -0.601 -0
.214 -0.588 
Rll-5 36 -0.639 
1.266 -0.566 
RHST 2-l 40 
-1. 794 -0.129 0.066 
RHST 2-3 41 
-1.688 -0.346 0.243 
Rl-19 43 -0.233 
0.868 0.960 
6A-16 44 0.707 
0.662 0.413 
RHST 2-5 47 
-0.283 2.591 -0.761 
4A-l 50 0.664 
1.195 0.032 
3A-l 51 0.033 
0.169 0.058 
5A-l 52 -1.017 
0.722 0.969 
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APPENDIX 7a (cont.) 
Sam:ele Label ti Factor 1 Factor 2 Factor 3 
R4-l 53 1.185 0.048 1.856 
2A-l 54 0.069 0.065 1.270 
R7-l 55 1.880 -0.304 0.743 
R7-2 56 0.739 -0.008 -0.554 
Rl-3 57 0.574 -0.522 0.218 
R8-l 58 1.541 -0.363 0.998 
6A-9,10,ll,13 59 -0.434 -0.258 -0.263 
6A-2 60 -1.131 -1.178 -0.073 
Rl5-19 ,20,21 61 0.351 -0.685 -0.858 
Rl5-15,16,17,18 62 1. 288 -1.173 -0. 765 
Rll-2 63 -0.805 -1. 387 -0.466 
RHS-16 65 -1.149 -0.529 0.126 
RHST 1-A 66 -0.999 -0.679 -0.152 RHST 1-C 67 0.072 -2.211 0.202 
RHST 1-E 68 0.102 -2.523 -0.953 
RHST 1-H 69 -0.636 -0. 784 -0.431 
Rl-28 75 1.332 0.452 -0.148 
6A-17 76 0.369 0.660 -0.136 
Rl5-27 77 0.895 0.823 -0.194 
Rll-17 78 0.878 0.880 -0.094 
RHS-32 79 0.477 1.596 -0. 924 
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APPENDIX 7b, R-Mode Factor Analysis Data: Factor Scores 
All 79 Cases, All Data 
Sample Label fl Factor 1 Factor 2 Factor 3 
RHS-33 1 1. 419 0.296 0.256 
Rl-29 2 1.431 0.360 0.231 
R15-28 3 1.344 0.679 -0.643 
A-12 4 1.008 1.046 -0.487 
Rll-18 5 3.044 -0. 077 0.483 
RHE-7 6 -0. 796 -0. 962 -0.592 
RHS-25 7 0.089 -1.626 -0.404 
Rll-5,6,7 8 -0.532 -0.687 -0.640 
R15-12,13,14 9 0.264 -1. 582 -0. 714 
Rl-12,13,14,15 10 -0.228 -0.848 -0.287 
5A-2 11 -0.010 0.044 -0.526 
R6-1 12 2.551 -0.568 -0. 077 
lA-1 13 o. 723 0.119 -0.787 
RHS-7 14 -0.215 -0.788 6.740 
Rl-5 15 -0.195 0.495 0.462 
5A-3 16 -0.014 0.893 -0.006 
2A-2 17 -0.514 1.002 -0.331 
RHS-1 18 -0.362 2.634 -1.213 
RHE-1 19 -0.157 2.201 -0.141 
6A-8 20 0.759 0.566 0.110 
RHE-9 21 -1.411 0.697 0.350 
A-1 22 -0.238 -0.594 -0.055 
Rll-11 23 -0.564 -0.469 -0.339 
R15-3,4,5 24 -0.370 -0. 709 -0.475 
Rl-6 25 -0.577 -0.292 0.455 
Rl-20 26 0.113 0.342 -0.168 
Rl-10 27 -1.140 0.545 0.441 
Rl-8 28 0.069 -0.461 -0.562 
6A-1 29 -1. 517 0.168 -0.086 
R15-26 30 -0. 672 0.881 0.590 
Rl5-25 31 -0.577 0.588 0.149 
R15-23 32 -0.860 0.667 -0.108 
R15-10,11 33 0.520 '-0.434 -0.753 
Rl5-6,7,8 34 -0.439 -0.630 -0.894 
R15-l,2 35 -0.432 -0.149 -0.619 
Rll-15 36 -0.334 1.205 -0.659 
A-2 37 -0.046 -1. 997 -0.846 
A-4 38 -1.876 1.097 -0.001 
A-11 39 -1.188 1.574 -0.378 
RHST 2-1 40 -1.560 -0.023 -0.033 
RHST2-3 41 -1.484 -0.234 0.188 
UCB-3 42 -0.979 0.005 0.011 
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APPENDIX 7b (cont.) 
SamEle Label If Factor 1 Factor 2 
Fae.tor 3 
Rl-19 43 0.039 
o.767 1.046 
6A-16 44 0.958 
0.548 0.491 
A-6 45 -0.197 
1.002 -0.052 
A-10 46 0.142 
0.628 0.768 
RHST 2-5 47 
0.116 2.386 -0.854 
RHSH-5 48 0.628 
1.477 -1.076 
RHSH-1 49 -2.280 
0. 772 1.887 
4A-l 50 0.949 
1.043 0.082 
3A-l 51 0.254 
0.151 0.067 
5A-l 52 -0.740 
0.681 0.9.82 
R4-l 53 1.384 
-0.089 2.121 
2A-l 54 0.272 
0.006 1.419 
R7-l 55 2.005 
-0.412 0.971 
R7-2 56 0.873 
-0.026 -0.508 
Rl-3 57 0.701 
-0.523 0.328 
R8-l 58 1.699 
-0.453 1.203 
6A-9,10,ll,13 59 -0.265 -0.211 
-0.252 
6A-:-2 60 -1. 034 
-1.009 -0.068 
Rl5-19,20,21 61 0.428 -0.626 
-0.802 
Rl5-15,16,17,18 62 1.302 -1.121 
-0.635 
Rll-2 63 -0.742 
-1.212 -0.465 
A-5 64 0.356 
-1.639 -0.489 
RHS-16 65 -0.979 -0.430 
0.111 
RHST 1-A 66 
-0.851 -0.568 -0.177 
RHST 1-C 67 
0.049 -2.052 0.384 
RHST 1-E 68 
0.007 -2.297 -0.831 
RHST 1-H 69 
-0.528 -0.681 -0.404 
UCB-5 70 -1.408 
-0.328 0.383 
UCB-1 71 -0.357 
-1.821 -0.803 
RHSH-3 72 -0.263 
-1.277 -0. 726 
RHE-5 73 -0.668 
-0.840 -0.261 
RHE-3 74 -1. 045 
-0.678 -0.149 
Rl-28 75 1.517 
0.349 -0.052 
6A-17 76 0.608 
0.587 -0.115 
Rl5-27 77 1.132 
o. 709 -0.148 
Rll-17 78 1.117 
0.755 -0.037 
RHS-32 79 o. 774 
1.461 -0.985 
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APPENDIX Sa. Frequency Percent Abundance Data: Foraminife
ral Families 
SamplE 
R1-3 
R1-5 
R1-8 
R1-11 
R1-14 
R1-18 
R1-21 
R1-22 
R1-23 
R1-24 
R1-25 
R1-26 
R 1-27 
R1-30 
15-1 
15-2 
15-3 
15-4 
15-7 
15-9 
15-1( 
15-1~ 
15-1, 
15-2::' 
15-2: 
15-2E 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
15-2, 
15-2E 
total 
count 
1674 
1382 
1860 
2051 
1821 
1612 
1573 
14o8 
1573 
1058 
1562 
1522 
1560 
1526 
2034 
1562 
1951 
1761 
1614 
1994 
1726 
1893 
1920 
1515 
1578 
1832 
1523 
1699 
Ataxophr- Discorb- Elphid- . Miliol- "Rotali-
Soriti-
agimidae idae idae idae dae 
dae 
o.o 5.91+1.98 16.37;!).11 72.16+ 3. 77 1.19.:!:,0.91 0.1
8+0.3( 
0.29±,-45 6.51+2.1 13.6+2.9 7'1.8i3.9 1.3+
0.95 o.6i5.64 
o.o 7.63+2.23 15.64±.3.06 71. 72+3.8 0.59+
0.64 0.05+0.2 
o.2.:!:.0.37 7.61+2.23 13.21+2.85 74.8€3.65 0.
34+0.49 o.1+0.26 
o.o 6.48+2.1 13.34+2.9 76 • 9.:t,3. 6 0.11+
0.28 0.06+0.2 
o.4:!:.0-5 8.93±2.4 11.1+2.64 75.0+3.64 
0.37+0.5 0.8£5.75 
o.o 5.53+1.92 22.fi;!;.3.5 70.Li'.+).84 o.64+0.67 o.o 
0.07+0.2 ~4.9+1.82 17.3~.2 74.72-::).66 0.14+0.31 o.o 
0.06+0.2 4.5+1.75 17.3 +3.2 75.14+3.64 1 • o{f o. 84 o.o 
o.3+0.44 5.67.:!:,1.95 19.37b+3.3 70.6£3.83 1.13+0.9
 o.5.:!:.0.56 
0.13.±.0.3 5.9+2.o 23-~f:_:6 68.9+ 3.9 0.32
+0.48 o.o 
o.o 7.62+2.23 38.0 4.1 51.9+4.21 0.79+0.7
4 o.o 
0.06±,0.2 ,4.74+1.8 38.33+4.1 53.01+4.2 2.6~1.35 
0.06+0.21 
o.2.:!:.0.37 5.11:±:1.85 31.52:±:3.9 56.62~4.17 5.37.:!:,1.9 
0.07±0.22 
0.05+0.2 6.74+2.11 12.5+2.8 82.45+3.2 0.15+0.32 
o.o 
o.o - 4.87+1.81 12.29+2.76 80.41+3.34 0.06+0.21 o
.o 
o.o 4.97+1.83 14.61+2.97 77.04+3.54 0.31+0.47 
o.o 
o.o 5.45±1.91 19.86~.36 73.5~.71 o.45Io.56 
o.o 
0.06±,0.2 6.75±,2.11 15.24±3.03 73.11±).73 0.56:t.0.63 o.o 
o.o 4.31±,1.71 20.9~.42 73-37.±.3-72 o.45.:!:.0.56 
o.05;t,o.19 
o.o 6.9.:!:,2.1 16.2 ::!).11 73.93.:!:.3.69 0.11.:!:,0.29 o.o 
o.o 5.9+1.98 11.1+2.64 80.35+3.34 0.58+0.64 
o.o 
o.o 5.52+1.92 8.23+2.31 83.6+3.12 0.05+0.19 0.
05.:!:,0.19 
o.o . 6.47+2.07 11.55+2.69 77.56+3.51 1.39+0.98 
0.20+0.37 
o.44+0.5 5.58+1.93 13.9+2.9 74.14+3.7 2.1+1.2 
0.32+0.48 
0.82+.76 7.53+2.22 13.05+2.84 74.94+3.65 1.15+0.9 o.38
Io.52 
2.82±:1.4 5.Slij:1.97 16.41:£3.12 66.45±3.97 4.3~1.71 1.71+1.1 
2.67±,1.4 5.71+1.95 17.77+3.22 66.45+3.97 2.88+1.41 1.
65+1.07 
Misc. #forams 
4.13:!:.1.68 
5.93+2.o 
4.3.5~1. 72 
3.7+1.59 
3.13+1.47 
3. 78+1.6 
1.14+0.9 
2.84±1.4 
1.91+1.15 
2.4~1.3 
1.02+0.92 
1.64±1.07 
1.15+0.9 
1.11Io.8s 
/gram 
40,259 
31+,625 
59,160 
50,183 
88,743 
20,598 
51,794 
47,122 
26,459 
5,504 
26,037 
15,759 
9,6'74 
7,821 
5.06+1.84 50,761 
2.43+1.3 42,159 
3.08+1.45 47,912 
2.4+1.'.3 49,121 
4.3+1.7 49,662 
0.9+0.8 52,199 
2.?"~1.4 59,889 
4.17+1.68 73,400 
2.6+1.34 132,231 
2.81++1.4 17,662 
3.55+1.56 19,681 
2.13±1.22 19,477 
2.43+1.3 6,908 
2.7~1.4 6,584 
APPENDIX Sa., continued 
Sample total Ataxophr-Discorb- Elphid-
t . "d "d "d 
Miliol- Rotali-
" d d 
Soriti-
d 
Misc. # forarns 
I 
coun ag1m1 ae 1 ae 1 ae 1 ae 
ae ae 
gram 
RHS-1 1687 1.07+0. 9 4.1+1.67 19.03+3.3 
68.82+3.9 3.68+1.6 1.3+0.95 2.01+1.18 6,615 
RHS-16 1789 - 5.7b+1.96 11.24+"2.66 80.32+3.35 
0.17+0.35 0.11+0.28 2.4+1.29 67,663 
o.o 
1851 4.92+1.82 10.8+2.61 81.85i;.24 
0.16+0.34 - 2.2b+1.25 73,278 
RHS-25 o.o 
o.o 
RHS-31 1697 o.o 4.48+1.74 11.%2.68 81. 73:t.3.32 
o.o - o.o 2.36_t1 .28 96,038 
RHS-33 2193 o.64:!:.0· 7 5. 7±.1.95 13.82i2-9 
76.24:t.3.6 1.92.:!:.1.15 0.5.:!:.0.6 1.19±.0.91 5,894 
APPENDIX 8b. Frequency percentages of
 genera of foraminiferal family Mili
olidae 
Sample total count gen
us genus 
genus 
of Miliolidae Miliolinella 
uin ueloculina Triloculina 
count % + count 00 + cou
nt % + 
R1-3 1208 91 7.53 
2.07 295 24.42 3.37 822 68.05
 3.66 
R1-5 992 73 7.36 
2.05 220 22.18 3.26 699 70.4
6 3.58 
R1-8 1334 136 10.19 2
.38 292 21.89 3.25 906 67.92 
3.66 
R1-11 1535 104 .6.77 1.9
7 369 24.04 3.35 1062 69.19
 3.62 
R1-14 1400 128 9.14 
2.26 263 18.79 3.07 1009 72.07
 3.52 
R1-18 1209 56 4.63 1
.65 251 20.77 3.18 902 74
.61 3.42 
R1-21 1107 54 4.89 1
.69 192 17.34 2.97 861 77.78
 3.26 
R1-22 1052 35 3.33 
1.41 209 19.87 3.13 808 76.
81 3.31 
t--' R1-23 1182 63 5.33 
1.76 183 15,48 2.84 936 79.19
 3.19 
....., 
R1-24 747 
1.41 147 19.68 76.97
 
lJ1 
25 3.35 3.1
2 575 3.31 
R1-25 1077 26 2.41 
1.20 230 21.36 3.22 821 76.2
3 3.34 
R1-26 790 22 2.78 
1.29 177 22.40 3.27 591 74
.81 3.41 
R1-27 827 13 1.57 
0.98 167 20.19 3.15 647 78.23
 3.24 
R1-30 864 14 1.62 
0.99 232 26.85 3.48 618 71.53 
3.54 
R15-1 1677 40 2.39 
1.20 457 27.25 3.49 1180 70,36
 3.59 
R15-2 1256 110 8.76 
2.22 180 14.33 2.75 966 76,91
 3.31 
R15-3 1503 224 14.90 
2.79 205 13,64 2.69 1074 7
1.46 3.55 
R15-4 1296 24 1.85 
1.06 277 21.37 3.22 995 76.77 
3.32 
R15-7 1180 55 4.66 
1.65 212. 17.97 3,01 913 77,37
 3.29 
R15-9- 1463 150 10.25 
2.38 188 12.85 2.63 1125 76.90
 3.31 
R15-10 1276 77 6.03 1.8
7 201 15.75 2.86 998 78.21 
3.24 
R15-13 1521 85 5.59 
1.80 339 22.29 3.27 1097 72.12
 3.52 
R15-17 1605 26 1.62 0.99 
376 23.42 3.32 1203 74.95 3.40 
R15-23 1175 73 6.21 1.8
9 225 19.15 3.09 877 74.64 
3.42 
APPENDIX 8b., continued 
Sainple total count genus 
genus genus 
of Miliolidae Miliolinella uin ueloc
ulina Triloculina 
count % + count 00 + count % + 
R15-25 1170 41 3.50 1.44 18
1 15.47 2.84 948 81.03 3.08 
R15-26 1373 55 4.oo 1.54 254 1
8.50 3.05 1064 77.49 3.28 
R15-27 1012 34 3.36 1.41 210 20.75
 3.18 768 75.89 3.36 
R15-28 1129 48 4.25 1.58 250 
22.14 3.26 831 73.60 3.46 
RHS-1 11q1 53 4.56 1.64 197 16
.97 2.95 911· 78.47 3.23 
RHS-16 1437 80 5.57 1.80 281 19.55 
3.11 1076 74.88· 3.,~o 
RHS-25 1515 85 5.61 1.81 283 
18.68 3.06 1147 75.71 3.37 
~ RHS~31 1387 36 
2.59 1.25 177 12.76 2.62 1174 84.64
 2.83 
-..J RHS-33 1672 118· 7.06 2.01 16
8 10.05 2.36 1386 82.89 2.96 
°' 
"" .. 
APPENDIX 8c. Frequency percentage abundances of non~foraminiferal components 
Sample total spirobid worms Ostracode 1/2's Pelecypod 1/2 1s Gastropods limestone 
count %--· + % + % + % + fragments 
% + 
R1-3 535 1.85 1.89 70.84 6.34 18.50 5.42 6.73 3.50 2.06 1.98 
R1-5 513 2.53 2.19 72.32 6.24 16.96 5.24 6.24 3.37 1.95 .1.93 R1-8 420 2.38 2.13 71.43 6.30 16.67 5.20 7.14 3.59 2.38 2.13 R1-11 545 0.92 1.33 79.08 5.67 10.64 4.30 7.71 3.72 1.65 1.78 
R1-14 453 0.22 0.65 73.95 6.12 11.70 . 4.48 9.71 4.13 4.42 2.87 
R1-18 4o1 4.24 2.81 67.83 6.'52 11.72 4.49 7.98 3.78 8.23 3.83 R1-21 448 o.o o.o 70.31 6~37 14.29 4.88 6.92 3.54 8.48 3.89 R1-22 588 0.51 0.99 71.60 6.29 16.33 5.16 4.93 3.02 6.63 3.47 R1-23 464 1.51 1.70 54.31 6.95 19.39 5.51 7.97 3.78 16.81 5.22 R1-24 465 0.65 1.12 51.61 6.97 12.26 4.57 8.39 3.87 27.10 6.20 t-J R1-25 661 0.54 60.82 6.81 14.22 4.87 -..J 0.15 7.11 3.59 17.-70 5.32 
-..J R1-26 1245 0.16 0.56 72.69 6.22 4.57 6.99 3.56 12.20 7.95 3.77 R1-27 723 o.o o.o 44.67 6.94 28.49 6.30 9.68 4.12 17.15 5.26 R1-30 604 o.o o.o 28.64 6.31 9.10 4.01 9.27 4.05 52.98 6.96 
R15-1 438 3.20 2.45 74.20 6.10 14.15 4.86 6.85 3.52 1.60 1.75 R15-2 523 5.35 3.14 68.64 6.47 20.65 5.65 4.78 2.98 - 0.57 1.05 
R15-3 686 2.77 2.29 74.93 6.05 15.74 5.08 6.27 3.38 0.29 0.75 R15-4 623 o.o o.o 75.76 5.98 13.97 4.84 5.94 3.30 4.33 2.84 
R15-7 552 0.18 0.59 73.37 6.17 16.49 5.18. 7.07 3.58 2.90 2.34 
R15-9 660 2.12 2.01 63.79 6.70 24.24 5.98 9.39 4.07 o.45 0.93 R15-10 499 o.o o.o 59.72 6.84 27.66 6.24 11.42 4.44 1.20 1.52 R15-13 483 1.66 1.78 70.60 6.36·. 19.05 5.48 4.55 2.91 4.14 2.78 
R15-17 447 0.22 o.66 72.26 6.25 21.03 5.68 4.69 2.95 1.79 1.85 R15-23 558 15.05 4.99 38.17 6.18 16.31 5.15 6.99 3.56 23.48 5.91 R15-25 502 o.o o.o 53.19 6.96 20.92 5.67 7.57 3.69 18.33 5.40 
APPENDIX Be., continued 
Sample total spirobid wor
ms Ostracode 1/2 's Pelecypod
 1/2's Gastropods limestone
 
count % + % 
+ % + % 
+ fragments 
% + 
R15-26 533 0.56 1.04
 36.40 6.71 15.57 5
.06 5.82 3.26 41.65 6.90
 
R15-27 564 o.o o.o
 33.67 6.59 9.40 
4.07 10.99 4.36 45.92 6.9
5 
R15-28· 614 0.33 0.80
 38.76 6.79 12.87 
4.67 11.24 4.4o 36.81 6.7
3 
RHS-1 723 3.18 2.45 
59.89 6.84: 14.94 4.97
 13.28 4.73 8.71 3.93 
RRS-16 494 0.61 1.09 
75.26 6.02 13.39 4.75 
7.71 ·3.72 3.04 2.40 
RRS-25 480 0.21 o.64
 71.o4 6.33 16.67 
5.20 6.67 3.48 5.42 3.1
6 
RRS-31 547 o.o o.o 
76.42 5.92 16.82 5.22
 4.20 2.80 2.56 2.20 
RHS-33 608 5.10 3.07 
33.22 6.57 39.31 6.8
1 14.97 4.98 7.40 3.65 
I-' 
....., 
00 
APPENDIX 9. Molluscan Content 
Counts Percentages 
Sample Infauna Epifauna infauna Epifauna Group 
6A-1 48.5 11 81.510 18.480 3 
RHS-33 65. 730 34.270 3 
Rl5,Rl6-L 40.5 14.5 74 .312 26.606 3 
Rl,R6-L 65.5 36 64.532 35.468 3 
Rll,Rl2-L 61 10.5 85.315 14.685 3 
Rl,R6-W 2 83 38 68.595 31. 405 3 
Rl6-W 16 13 55.170 44.830 2 
Rl ,R6-P 1 19.5 37.5 34. 210 65. 790 
1 
RHS-1 46.5 94 33.096 66.904 1 
R6-P 2 42 32.5 56.376 43.624 
2 
RHS-7 17.5 93 15.837 84.163 1 
Rl,R6-W 1 43.5 34.5 55. 769 44.231 2 
Rll, R12-W 1 43 26.5 61.8705 38.1295 
2 
Rll,Rl2-T 31.5 15 67. 742 32.258 3 
Rl,R6-T 32.5 29 52. 845 47.154 2 
Rl,R6-G 1 59 63 48.361 51. 369 
2 
6A,5A-T 71.5 30 70.443 29.556 3 
Rl,R6-G2 19 14 57 .576 42.424 
2 
Rl,R6-G 3 31 11.5 72. 941 27. 059 3 
Rll,Rl2-G2 27 41.5 39.416 60.584 1 
Rl5,R16-T 81.5 69.5 53.974 46.026 2 
RHS-16 12.5 23 35. 211 64.789 1 
Rl,R6-M 1 18 14 56.25 43.75 
2 
6A,5A-M,G 10 21.5 31. 75 68.25 1 
Rll,R12-M 1 27.5 8 77 .465 22.535 3 
Rl5,R16-M 121 7 94. 530 5.470 3 
RHS-32 28.5 9 76.000 24.000 3 
A,B,C-M 1 51.5 4 92. 793 7.207 3 
A,B,C-W 1 132.5 38.5 77 .485 22.515 
3 
RHE-7 3 61 4.688 95. 312 1 
RHE-1 33 45 42.308 57.692 2 
RHSH-5 20 72.5 21. 622 78.378 1 
A,B,C-1 81 32 71. 681 28.319 3 
A,B,C-T 73.5 79.5 48. 039 51. 961 2 
A,B,C-G2 82 61.5 57.143 42.857 
2 
A-G 3 24.5 16 60.494 
39.056 2 
RHS-33 70 36.5 65. 728 34 .272 3 
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